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SCIENCE,  ENVIRONMENT,  AND  TECHNOLOGY 
SUMMIT:  A  LONG  TERM  NATIONAL  SCIENCE 
STRATEGY 


THURSDAY,  JUNE  1,  1995 

House  of  Representatives, 

Committee  on  Science, 
Subcommittee  on  Basic  Research, 

Washington,  DC. 

Chairman  Steven  Schiff.  I'd  like  to  open  the  hearing  of  the 
Subcommittee  on  Basic  Research  of  the  Science  Committee  of  the 
U.S.  House  of  Representatives.  I'd  Uke  to  welcome  everybody  here. 

I  would  like  to  begin  by  introducing  myself:  My  name  is  Steven 
Schiff,  I'm  the  Chairman  of  the  Subcommittee  and  I'm  representing 
the  First  District  of  New  Mexico.  And  I'm  very  happy  to  be  back 
in  Tennessee  once  again,  very  proud  to  be  back  in  Tennessee  to  be 
able  to  share  this  hearing  here. 

I  have  a  brief  prepared  written  statement  that  I'd  ask  unanimous 
consent  to  enter  into  the  record.  Without  objection,  entered.  And  I 
have  a  couple  of  very  brief  personal  remarks:  The  first  is,  before 
I  introduce  our  panel  to  begin  their  testimony,  the  first  is,  I  just 
want  to  talk  for  a  moment  about  the  three  individuals  seated  to  my 
right. 

I  was  elected  to  Congress  in  1988,  and  although  every  freshman 
member  of  Congress  intends  on  changing  the  world,  when  you  get 
there,  first  you  have  to  learn  where  your  committee  rooms  are,  you 
know,  a  few  basic  things  like  that.  And  a  person  who  helped  me 
find  out  where  everything  was  and  how  it  operated  was  the  chair- 
man of  the  first  subcommittee  I  was  assigned  to,  which  was  the 
Energy  Research  Subcommittee  of  the  House  Science  Committee. 
And  that  is  former  Congresswoman  Marilyn  Lloyd. 

And  I've  learned  a  great  deal  from  Congresswoman  Lloyd.  I 
would  say  the  most  important  lesson  of  which  was,  there  will  be 
no  partisanship  in  the  science  view.  We  may  have  different  views 
as  individuals,  but  we're  not  going  to  bring  floor  fights  into  the 
dealings  on  U.S.  Science — we're  all  going  to  be  on  the  same  team 
there.  And  now  that  I  have  a  chair,  I  try  to  emulate  your  record, 
Congresswoman  Lloyd.  We  welcome  you  and  thank  you  for  being 
here  today. 

Well,  I  said  that  every  freshman  member  of  Congress  believes 
they're  going  to  change  the  world.  One  who's  well  on  his  way  to 
doing  so  is  your  present  Congressman,  Zach  Wamp.  [Audience  ap- 
plauds.] 

(1) 


Now  I  want  to  tell  you,  this  is  the  first  field  hearing  meeting  out- 
side of  Washington  that  I've  conducted.  For  obvious  cost  reasons, 
we  don't  do  them  very  ofi^en.  But  Zach  has  been  so  interested  and 
so  innovative  and  so  energetic  in  working  on  science  issues,  made 
obvious  by  putting  together  this  entire  Summit  here  at  Oak  Ridge 
National  Laboratory,  that  I  felt  he  had  earned  the  first  right  to 
have  a  Subcommittee  hearing  in  his  district.  And,  in  fact,  before 
this,  I  appointed  him  Vice  Chairman  of  the  Basic  Research  Sub- 
committee, and  am  very  happy  with  that  choice. 

And  last — but  as  they  say,  not  least — another  new  member  of 
Congress  who  is  very  active  in  science  issues,  particularly  dealing 
with  aeronautic  issues,  is  Congressman  Van  Hilleary  who's  here 
with  us  also.  Also,  as  you  know,  from  Tennessee. 

Now,  before  I  let  each  of  my  three  colleagues  make  whatever  re- 
marks they'd  like  to  make,  I'd  like  to  say  just  one  more  thing:  And 
that  is,  as  you  well  know,  Congress  has  begun  the  budget  struggles 
to  try  to  reach  a  balanced  budget  in  the  next  seven  years.  In  my 
view — speaking  personally,  not  necessarily  for  any  other  member, 
Democrat  or  Republican — to  me,  that  is  a  non-negotiable  goal.  That 
is,  balancing  the  budget.  It's  something  that's  long  overdue — it  is 
something  that  should  have  been  addressed  many  years  ago — it 
was  not.  No  sense  going  back  and  assessing  blame  for  that,  it's 
going  to  be  done  now. 

However,  I  do  believe  that  how  we  are  to  get  a  balanced  budget 
is  negotiable;  how  we  put  together  the  figures,  you  can  have  legiti- 
mate debate  about.  And  I  think  that  in  the  House  Budget  Commit- 
tee Resolution  which  passed  the  House  of  Representatives,  I  think 
the  most  serious  disagreement  I  have  with  that  resolution  and  the 
priorities  it  set  is  specifically  with  respect  to  the  Department  of  En- 
ergy and  with  scientific  research. 

As  you  know,  it  proposes  the  dissolution  of  the  Department  of 
Energy.  I  think  that's  a  serious  mistake;  if  for  no  other  reason,  no 
one  else  has  the  expertise  to  safely  manage  the  nuclear  weapons 
program. 

Second  of  all,  there  are  various  scientific  programs  which  one 
could  argue  perhaps  should  be  elsewhere  in  the  Administration, 
but  in  my  view,  a  strong  commitment  to  science  is  not  only  impor- 
tant for  the  sake  of  human  understanding,  but  I  think  it's  an  abso- 
lute necessity  in  an  increasingly  inter-competitive  world.  It's  my 
understanding  that  in  other  industrialized  countries  they  use  all  of 
their  assets  together:  government,  their  national  laboratories,  their 
universities,  their  private  enterprise.  They  collaborate. 

It  seems  to  me  that  we  in  this  country  should  use  all  of  our  intel- 
lectual assets  to  work  for  a  stronger  U.S.  economy  the  same  way 
other  countries  are  working  for  their  economies.  And  I  think  it's 
another  mistake  to  believe  that  you  can  take  the  strong  intellectual 
assets  that  we  have  in  our  laboratories — whether  it's  Oak  Ridge 
National  Laboratory  here  or  Sandia  National  Laboratory  back  in 
my  district — and  believe  that  they  should  be  kept  totally  apart 
from  other  developments  in  your  economy,  in  your  society.  So  those 
are  issues  that  will  continue  to  be  addressed  as  we  continue  on  the 
budget  process. 


With  that,  I  would  Hke  to  yield  to  my  former  Chair,  Marilyn 
Lloyd. 

[The  prepared  opening  statement  of  Mr.  Schiff  follows:] 


OPENING  STATEMENT 

CHAIRMAN  STEVEN  SCHIFF 

SUBCOMMITTEE  ON  BASIC  RESEARCH 

COMMITTEE  ON  SCIENCE 

U.  S.  HOUSE  OF  REPRESENTATIVES 

OAK  RIDGE  FIELD  HEARING 

JUNE  1,  1995 

The  Subcommittee  on  Basic  Research  is  convening  this  afternoon  in 
Oak  Ridge  for  the  purpose  of  receiving  testimony  on  the  long-term  future  of 
Federally-supported  science  and  technology.   This  hearing  is  being 
conducted  as  part  of  the  Oak  Ridge  Summit  on  Science,  Environment  and 
Technology,  a  precedent-setting  regional  colloquium  hosted  by  the  Vice- 
Chairman  of  my  Subcommittee,  Congressman  Zach  Wamp.    I  first  want  to 
acknowledge  Congressman  Wamp's  efforts  in  assembling  this  two-day 
summit  and  commend  him  for  his  foresight  and  energy  in  pulling  together 
government,  academic,  and  industrial  leaders  in  discussions  of  their  future 
relationships  in  charting  Tennessee's  and  America's  future. 

I  should  state  up  front  that  I  have  my  own  parochial  reasons  for 
chairing  this  hearing  in  that  I  find  my  home  town  of  Albuquerque  in  a  very 
similar  situation  to  that  here  in  Oak  Ridge.    I,  too,  have  a  national 
laboratory  —  Sandia  —  in  my  district  and  another  just  up  the  road  in  Los 
Alamos.    I,  too,  have  a  major  research  university  and  a  growing  interest  on 
the  part  of  my  state  and  local  governments,  and  our  industry,  in  advancing 
our  state's  and  America's  competitive  future. 


Our  subject  this  afternoon  of  a  long-term  science  strategy  is 
particularly  timely,  for  America's  science  and  technology  enterprise  has 
entered  a  new  era  for  at  least  three  reasons: 

First,  the  Cold  War  has  ended,  and  while  the  world  is  still  a 
very  dangerous  and  unpredictable  place,  the   national  security 
mission  which  has  driven  our  science  and  technology  base  since 
World  War  II  has  fundamentally  changed. 

Second,  the  clarion  call  to  our  Federal  government  to  begin 
reducing  its  annual  deficit  and  balance  the  budget  will  have 
profound  implications  on  all  spending  programs,  including 
Federal  support  for  science  and  technology.    I  note  that  the 
current  Administration's  projections  for  future  spending,  as  well 
as  the  Budget  Resolutions  recently  passed  by  the  U.  S.  House 
and  Senate,  show   trends  of  reduced  Federal  support  for 
research  and  development.    The  direction  we  are  proposing  is 
the  same  --  only  the  pace  is  still  open  for  discussion. 

Third,  the  role  of  the  Federal  government  —  and  other  levels  of 
government  --  in  assisting  American  industry  in  job  creation, 
and  in  the  increasingly  competitive  world  markets,  is  one  of 
continuing  discussion. 

Our  discussions  today  fit  neatly  into  other  ongoing  national 
discussions  on  how  the  relationships  between  our  research  universities,  our 
industries  (large  and  small)  and  our  governments  (Federal,  state,  and  local) 


must  now  evolve  to  assure  a  healthy  science  and  technology  base  for  our 
nation.     In  addition,  there  are  ongoing  discussions  about  how  the 
organization  of  our  Federal  science  agencies  might  evolve  to  improve  the 
efficiency  of  delivering  dollars  to  researchers.    In  particular,  creation  of  a 
Federal  Department  of  Science  to  organize  the  orphaned  science  sub- 
Cabinet  agencies  created  by  the  proposed  dissolution  of  Federal 
departments,  like  Energy  and  Commerce,  is  being  proposed  again  by  my 
full  Committee  Chairman. 

But,  I  am  not  here  today  to  propose  solutions,  but  rather  to  engage  in 
a  continuing  dialogue  which  will  hopefully  help  define  a  new  paradigm  for 
American  science  and  technology. 

Before  closing,  I  would  like  to  recognize  the  presence  of  Marilyn 
Lloyd,  a  former  colleague  and  longtime  subcommittee  Chairman  of  the 
Science  Committee.    She  has  joined  us  today  at  my  —  and  Zach  Wamp's  — 
invitation  to  participate  in  this  dialogue. 


Former  Congresswoman  Marilyn  Lloyd.  Thank  you  very  much, 
Mr.  Chairman.  I  want  you  to  know  how  much  I  appreciate  the  op- 
portunity to  be  a  part  of  this  panel  today.  I  have  never,  in  my 
twenty  years  of  Congress,  known  of  a  former  member  invite  any- 
body to  sit  in  on  a  panel  of  a  Congressional  Committee,  and  I  want 
to  tell  you  how  much  I  appreciate  it.  Thank  you,  Zach,  thank  you. 
Van.  And  congratulations,  you're  doing  a  great  job. 

[Whereupon,  Ms.  Lloyd  and  Mr.  Wamp  shake  hands  and  audi- 
ence applauds.] 

Former  Congresswoman  Marilyn  Lloyd.  It's  really  a  real  de- 
light to  find  out  that  I  could  participate  in  this  hearing  on  long- 
term  science  strategy.  We  pretty  well  know  our  budget  numbers, 
we  know  the  financial  constraints  that  are  ahead.  We  have  the  Sec- 
retary's alignment  in  downsize  initiative  as  well  as  the  Galvin  rec- 
ommendations. And  in  many  instances,  they  will  serve  as  road- 
maps. 

So,  right  now,  congratulations,  Zach,  because  this  is  the  perfect 
time  for  this  hearing,  to  consider  ways  that  our  nation  can  best 
prioritize  and  support  our  worthy  and  our  promising  science  and 
technology  programs  that  are  so  critical  to  our  nation's  future  well 
being. 

As  a  member  of  this  Committee  for  twenty  years,  I  believe  that 
I  can  make  the  following  observation:  I  know  full  well  that  long- 
term  planning  is  essential  to  success.  In  fact,  our  starts  and  our 
stops  have  resulted  in  wasted  tax  dollars  and  lack  of  scientific 
progress.  And  all  too  often,  the  lack  of  continuity  or  lack  of  antici- 
pated progress  and  long  lead  time  in  research  and  development,  la- 
dies and  gentlemen,  has  been  political  and  not  scientific. 

Unfortunately,  all  too  often,  there  has  been  ambivalence  and  a 
lack  of  commitment  by  the  Congress  and  Executive  Branch  to  fund 
the  worthy  programs  at  a  level  that  projected  the  necessary 
progress  or  anticipated  performance.  The  list  of  these  cutbacks  and 
cancellations  are  lengthy,  but  I'm  sure  that  most  people  in  this 
room  know  them  by  heart.  But  even  with  the  cutbacks,  we  can  lead 
and  we  will  succeed. 

I  believe  that  research  and  development  funding  for  joint  ven- 
tures has  proven  successful  and  certainly  should  be  continued.  Mr. 
Chairman,  I  urge  you  and  my  colleagues  to  continue  their  support 
for  the  Department  of  Energy.  Because  of  the  nature  of  research, 
there  will  be,  and  continue  to  be,  a  need  for  a  Federal  role  in  en- 
ergy research  and  development.  This  is  investing  wisely — to  en- 
hance the  security,  the  opportunities,  and  the  prosperity  for  our  na- 
tion. Thank  you,  Mr.  Chairman.  [Audience  applauds.] 

Chairman  Steven  Schiff.  Obviously,  Marilyn,  they  still  remem- 
ber you.  Well,  Zach,  it  appears  you  don't  need  an  introduction,  they 
know  you,  too.  I  now  recognize  Congressman  Zach  Wamp. 

Congressman  Zach  Wamp.  Thank  you,  Mr.  Chairman.  He  used 
the  term,  a  minute  ago,  intellectual  asset,  and  I  think  that  Steve 
Schiff  is  one  of  the  intellectual  assets  of  the  United  States  House 
of  Representatives.  And  he's  taken  me  under  his  wing  as  Congress- 
woman  Lloyd  obviously  took  him  under  her  wing.  And  I'm  very 
grateful  that  he  would  travel  from  New  Mexico  to  be  in  Oak  Ridge 
with  us  today. 
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I  think  that  says  a  lot  about  this  day,  the  cooperation  that  we 
have  now  developed,  why  today  even  New  Mexico  and  Tennessee 
are  working  together  with  regards  to  science  and  energy.  And  that, 
in  and  of  itself,  is  probably  a  historic  moment.  Thank  you,  Mr. 
Chairman,  for  coming  from  New  Mexico  and  allowing  this  hearing 
to  be  held. 

Congresswoman  Lloyd  served  with  distinction.  I'm  very  grateful 
for  her  cooperation,  not  only  with  the  Summit  and  participating 
today  and  tomorrow,  but  since  November  the  8th  she  has  proven 
to  us  all  that  she  is  truly  a  class  act.  And  she's  served  with  distinc- 
tion for  twenty  years;  we  owe  her  a  great  debt  of  gratitude. 

Van  Hilleary  and  I  are  young  and  quick  studies;  he  on  the  wind 
tunnel  projects  and  me  on  science  and  energy,  and  I'm  grateful 
that  he  came  as  well  to  participate  in  the  Summit,  both  this  after- 
noon and  this  evening. 

Our  distinguished  witnesses  have  come  from  all  across  the  coun- 
try. We're  very  grateful  that  they  took  the  time  and  submitted 
lengthy  testimony  which  you  will  hear  today  for  our  review  and  an- 
ticipation of  this  hearing  as  well  today. 

You  know,  I  think  it  is  good  for  our  nation  to  discuss  and 
reprioritize  the  difference  between  basic  and  applied  research.  That 
is  a  healthy  discussion.  But  it  is  bad  to  treat  our  National  Labora- 
tories as  anything  less  than  national  jewels.  We  must  stand  behind 
what  we  have  built,  developed,  and  invested  in  as  a  Nation.  That 
is  what  today  is  about,  that's  what  this  Summit  is  about,  that's 
what  this  hearing  is  about. 

I  agree  with  our  Chairman  that  the  Department  of  Energy  needs 
to  improve,  but  we  need  to  continue.  We  need  to  roll  back  some 
regulations  and  some  nonsensical  practices  in  the  Department  of 
Energy  to  make  it  easier  for  the  people  who  work  there  to  do  the 
job  that  we  hired  them  to  do.  But  we  do  not  need  to  reorganize  for 
the  sake  of  reorganization.  And  I  am  here  today  to  make  that 
statement  loud  and  clear. 

I  thank  everyone  for  their  participation.  I  yield  back  the  balance 
of  my  time.  [Audience  applauds.] 

Chairman  Steven  Schiff.  We're  glad  now  to  welcome  another 
member  of  the  Science  Committee  from  Tennessee,  Congressman 
Hilleary. 

Congressman  Van  Hilleary.  Thank  you,  Mr.  Chairman.  I  will 
make  my  remarks  very  brief.  And  sometimes  when  you're  in  Wash- 
ington and  you  hear  a  Congressman  start  out  saying  my  remarks 
will  be  very  brief,  that's  the  kiss  of  death,  I  assure  you.  You  get 
ready  for  the  long  haul,  hunker  down.  But  this  will  be  brief. 

Thank  you,  Mr.  Chairman,  once  again — I'll  echo  the  other  re- 
marks— thank  you  for  being  willing  to  come  to  East  Tennessee. 
Welcome  to  East  Tennessee.  Ms.  Lloyd,  thank  you  so  much  for  par- 
ticipating in  this  panel  today. 

And  Zach,  Zach  and  I  have,  we've  come  through  some  real  battles 
together  already  and  have  a  real  comradeship.  And  I  think  Zach's 
just  doing  a  super  job  for  the  Third  District.  And  I  think  he  knows 
we're  going  to  have  changes;  I  mean,  we're  all  going  to  go  through 
some  changes  in  trying  to  balance  the  budget.  And  it's  even  more 
important  than  ever  that  we  look  forward;  we  don't  want  to  react, 
we  want  to  be  proactive  with  these  changes.  And  make  sure  that 


universities  and  business  and  industry  and  government  all  work 
together,  and  I  think  this  is  what  we're  seeing  right  here.  I  think 
it's  a  wonderful,  wonderful  beginning. 

My  hat's  off  to  Zach  and  all  those  folks  on  his  staff,  they've  done 
a  super  job  getting  this  together.  Look  forward  to  the  very  distin- 
guished panel  that  you,  Mr.  Chairman,  have  gotten  together  today, 
look  forward  to  hearing  their  testimony.  I  yield  back  the  remainder 
of  my  time.  [Audience  applauds.] 

Chairman  Steven  Schiff.  Thank  you  very  much.  I'd  now  like  to 
introduce  our  very  distinguished  panel.  They  are  Dr.  Neil  Lane, 
who's  Director  of  the  National  Science  Foundation  located  in  Ar- 
lington, Virginia;  Dr.  Martha  Krebs,  who  is  Director  of  the  Office 
of  Energy  Research  of  the  United  States  Department  of  Energy  in 
Washington;  Dr.  Alvin  Trivelpiece,  Director  of  Oak  Ridge  National 
Laboratory;  Dr.  John  McTague  sitting  in  the  third  position,  Vice- 
President  of  Technical  Affairs  of  Ford  Motor  Credit  Company — 
Ford  Motor  Company,  excuse  me.  [Parties  laugh.]  There  really  is 
a  Ford  Motor  Credit  Corporation. 

Dr.  John  McTague.  And  it  makes  more  money  than  the  cars  do. 

Chairman  STEVEN  SCHIFF.  Well,  I  guess  I  just  gave  away  that 
I'm  a  lawyer,  not  a  scientist.  He's  from  Dearborn,  Michigan.  And 
once  again,  last  but  not  least.  Dr.  Joseph  Hamilton,  Chairman  of 
the  Department  of  Physics  and  Astronomy  at  Vanderbilt  University 
in  Nashville,  Tennessee. 

You're  all  welcome.  We  have  copies  of  your  written  statements, 
but  I  believe  copies  are  available  elsewhere  in  this  room  for  people 
to  take  with  them  if  they  so  desire.  I  would  invite  you  to  proceed, 
but  try  to  encourage  you  to  stay  within,  say  about  ten  minutes  if 
you're  able  to,  so  there's  some  time  for  questions  back  and  forth. 
Dr.  Lane,  I'd  like  to  begin  with  you,  please. 

TESTIMONY  OF  DR.  NEAL  LANE,  DIRECTOR  NATIONAL 
SCIENCE  FOUNDATION,  ARLINGTON,  VA 

Dr.  Neal  Lane.  Thank  you.  Chairman  Schiff,  members  of  the 
Committee,  and  the  Tennessee  Delegation,  past  and  present. 
Thank  you  for  inviting  me  to  join  you  here  today.  It's  always  a 
pleasure  to  be  in  Tennessee,  and  it's  always  fun  to  talk  about  the 
National  Science  Foundation  and  some  of  its  exciting  activities,  in- 
cluding some  that  are  in  partnership  with  the  Oak  Ridge  National 
Laboratory.  It  certainly  is  one  of  these  gems  the  Nation  can  be 
proud  of. 

The  topic  of  today's  hearing,  "Long  Term  Science  Strategy:  A 
Thirty- Year  Approach,"  is  certainly  timely.  While  most  people  real- 
ize that  it  can  take  a  very  long  time  for  discoveries  that  result  from 
basic  research  to  be  fully  utilized,  many  do  not  appreciate  the  com- 
plex interplay  of  original  ideas,  new  interpretations  of  old  ideas,  in- 
corporation of  isolated  facts,  false  starts,  unexpected  breakthroughs 
and  breakdowns,  chance  conversations,  and  applications  of  new 
technologies  in  unexpected  ways  that  make  the  whole  process 
work.  It's  a  complex  process,  and  often  not  as  well  understood  as 
it  ought  to  be. 

Well,  this  can  make  it  difficult  to  appreciate  the  value  of  long- 
term  commitment  to  support  research  that  may  appear  to  have  lit- 
tle immediate  utility.  But,  ironically,  it's  just  this  difficulty  in  pre- 
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dieting  when  and  how  scientific  discovery  will  pay  off  that  makes 
a  national  commitment  to  government-supported  research  so  im- 
portant over  the  long  term. 

Parenthetically,  an  article  emphasizing  a  growing  emphasis  on 
short-term  research  by  industry  appeared  in  the  Wall  Street  Jour- 
nal on  May  the  22nd  under  the  heading  "Top  Labs  Shift  Research 
Goals  to  Fast  Payoff."  So  I  would  ask,  who's  going  to  think  about 
the  Nation's  future? 

When  we  talk  about  the  long-term,  we're  really  referring  to  a 
comparatively  small  number  of  years.  The  National  Science  Foun- 
dation was  established  in  1950,  five  years  after  the  close  of  the  Sec- 
ond World  War.  And  in  its  short  institutional  life,  the  NSF  has 
played  a  critical  role  in  helping  America  establish  preeminence  in 
science.  Today,  the  NSF  has  an  important  responsibility  for  safe- 
guarding and  enhancing  the  Nation's  future  prosperity  by  support- 
ing excellent  research  and  education  in  every  area  of  science  and 
engineering. 

Many  leading  economists  and  policy  makers  and  policy  research- 
ers have  recognized  the  importance  of  public  investment  in  science 
and  technology.  Several  key  studies  have  indicated  that  these  in- 
vestments in  science  and  technology  yield  very  high  rates  of  return 
to  society.  The  activities  supported  by  the  NSF,  namely  fundamen- 
tal research  and  education,  are  generally  viewed  as  among  the 
most  productive  of  all  Federal  investments.  And  that  certainly 
holds  for  the  research  activities  of  the  other  Federal  agencies  as 
well. 

So,  although  fundamental  research,  by  its  very  nature,  is  focused 
on  the  unanswered  questions  that  defy  our  ability  to  predict  out- 
comes, such  research  is  often  initiated  and  influenced  by  current 
practical  problems.  The  historical  example  of  the  French  scientist 
Pasteur  is  often  used  to  illustrate  this  point.  Pasteur  responded  to 
public  health  and  commercial  goals  throughout  his  stellar  career  in 
microbiology.  Both  historical  record  and  the  current  record  sub- 
stantiates the  elegant  interdependence  in  research  for  the  quest  of 
new  knowledge,  but  also  for  pragmatic  purposes. 

There  are  numerous  contemporary  examples  of  research  that  is 
assuredly  fundamental,  but  simultaneously  holds  promise  to  ad- 
dress very  current  problems.  For  example.  Game  Theory — the 
mathematical  economic  study  of  interdependence — has  been  consid- 
ered abstract  and  arcane  even  by  most  economists.  But  recently, 
the  assessment  has  changed.  In  1994  NSF-funded  university  re- 
searchers won  the  Nobel  Prize  in  Economics  for  their  work  on 
Game  Theory. 

And  just  last  year,  this  theory  began  to  pay  big  dividends  when 
other  leading  economists  originally  funded  by  NSF  designed  the  in- 
novative FCC-sponsored  auction  of  radio  spectrum  licenses  that 
have  netted  billions  of  dollars  to  the  U.S.  Treasury. 

Also,  the  study  of  one  of  Nature's  greatest  feats  of  engineering 
I  like  to  talk  about  is  the  spider  web.  It  may  seem  esoteric  and  fun- 
damental, except,  of  course,  to  the  spider.  However,  researchers 
have  determined  that  the  silk  spun  by  these  golden  orb-weaving 
spiders  possesses  the  strength  of  steel  fibers,  while  also  being 
stretchable.  And  the  process  by  which  the  spider  spins  silk,  un- 
likely as  it  may  seem,  holds  promise  for  yielding  environmentally- 
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benign  manufacturing  techniques  for  industrial  fibers.  This  re- 
search spans  the  fields  of  biotechnology,  materials,  and  manufac- 
turing. 

The  very  interrelatedness  of  scientific  and  engineering  research 
underscores  the  need  to  relinquish  the  artificial  barriers  that  may 
have  hindered  the  natural  connections  between  the  fields  of  science 
and  engineering.  Often,  the  most  exciting  breakthroughs  and  unex- 
pected discoveries  come  at  points  where  disciplines  overlap.  Our 
ability  as  a  Nation  to  take  advantage  of  these  breakthroughs  in  the 
future  depends  largely  on  whether  we  will  have  a  healthy  and  vi- 
brant scientific  enterprise. 

And  this  can  only  occur  if  there  are  world-class  scientists  in  our 
National  Laboratories  and  in  our  universities,  with  the  freedom  to 
ask  new  questions,  investigate  every  path,  and  pose  new  ideas  re- 
gardless of  whether  the  research  is  driven  by  a  utilitarian  concern 
or  by  fundamental  interest. 

Eric  Hoffer  once  noted  that,  "There  can  be  no  real  freedom  with- 
out the  freedom  to  fail."  Well,  that  can  equally  be  said  of  science. 
I  would  maintain  there  can  be  no  real  science  without  the  freedom 
to  test  new  ideas  and  explore  new  frontiers  that  lead  to  the  cre- 
ation of  new  knowledge. 

So  how  do  we  ensure  that  the  discoveries  and  the  breakthroughs 
and  the  new  knowledge  actually  benefits  society?  Certainly  that's 
one  of  the  questions  we  will  address  today.  We  do  know  that  those 
benefits  flowing  from  the  discovery  of  new  knowledge  do  not  occur 
as  an  automatic  result  of  many  talented  people  doing  research.  Al- 
most thirty  years  ago  Hendrik  Bode,  of  the  then  Bell  Telephone 
Laboratories,  restated  this,  and  I'll  quote  from  him. 

It's  not  necessarily  true  that  an  increase  of  fundamental  research,  by  itself,  would 
lead  to  a  significant  increase  in  beneficial  applications.  The  outcome  would  depend 
primarily  on  the  overall  structure.  The  primary  problem  confronting  the  country, 
then,  is  that  of  maintaining  a  scientific  and  technological  establishment  that  works 
in  a  coherent  and  an  effective  way. 

Well,  the  research  enterprise,  especially  at  our  universities, 
which  assures  a  continuity  of  that  enterprise,  is  a  critical  compo- 
nent for  this  establishment.  Nevertheless,  the  universities  are  only 
one  leg  of  the  science  technology  chair,  and  they  cannot  stabilize 
the  chair  on  their  own.  The  mission  agencies,  through  their  Na- 
tional Laboratories,  and  the  various  industry  consortia  all  contrib- 
ute to  the  effective  and  coherent  working  of  the  scientific  and  tech- 
nological establishment. 

Informed  debate  on  public  policy,  high  value  jobs,  competition  in 
the  global  markets,  and  the  education  of  current  and  future  gen- 
erations require  that  science  be  an  integral  part  of  the  national 
fabric.  Our  universities  and  National  Labs,  like  Oak  Ridge,  are  im- 
portant components  in  the  process  of  making  this  happen  through 
the  creation  of  innovative  partnerships  with  communities,  with  in- 
stitutions outside  the  research  environment.  So,  through  these  im- 
portant partnerships,  the  new  knowledge  gained  through  the  dis- 
covery process  can  reach  those  who  seek  to  use  and  apply  it,  and 
the  paybacks  to  society  can  be  made  more  visible  to  the  taxpayers 
who  support  most  of  this. 

One  obvious  example  of  how  research  is  connected  to  what  some 
might  call  the  real  world,  at  least  the  world  beyond  the  research 


12 

laboratory,  is  the  natural  connection  between  research  and  edu- 
cation of  students  in  our  universities  and  colleges.  One  of  the 
strengths  of  the  American  system  of  higher  education,  widely  ac- 
claimed as  the  best  in  the  world,  has  been  the  practice  of  research 
and  teaching  in  the  same  place,  by  the  same  people. 

This  arrangement  has  capitalized  on  the  natural  connection, 
complementary  connection,  between  the  process  of  education  and 
that  of  discovery.  Each  is  enhanced  and  enriched  by  the  other. 
From  a  certain  perspective,  they're  the  same;  they're  both  about 
learning.  This  natural  connection  was  demonstrated  by  a  recent 
survey  at  the  Oak  Ridge  Associated  Universities,  ORAU,  when  they 
conducted  a  poll  among  its  sixty-five  member  colleges  and  univer- 
sities on  the  subject  of  teaching  and  research. 

I'll  give  you  a  few  quotes  from  that  survey.  One  professor  said: 

It  would  appear  to  me  that  if  one  acknowledges  that  research  is  essentially  teach- 
ing oneself  while  instruction  is  teaching  others,  then  the  interrelationship  and  sym- 
biotic relationship  between  the  two  is  inescapable. 

A  senior  vice-president  and  provost  said: 

The  undergraduate  program  is  at  the  very  heart  of  all  we  do.  It's  our  responsibil- 
ity to  integrate  cutting-edge  research  and  technology  into  undergraduate  education, 
to  infuse  the  international  dimension  and  to  develop  the  leadership  skills  of  our  stu- 
dents. 

Well,  at  NSF  we're  committed  to  helping  the  universities  foster 
these  natural  connections  through  a  number  of  innovative  pro- 
grams designed  to  increase  the  participation  of  undergraduates  in 
research.  One  of  them,  the  Research  Experiences  for  Undergradu- 
ates— or  the  REU  program,  as  we  call  it — gives  undergraduate  stu- 
dents the  chance  to  participate  directly  in  research  projects.  On  vir- 
tually every  campus  and  every  National  Laboratory  like  Oak  Ridge 
I  visit  around  the  country,  I  hear  very  strong  statements  about  the 
success  of  this  program  and  the  importance  of  keeping  it  strong. 

One  other  example  of  the  impact  can  be  seen  here  in  Tennessee, 
where  NSF  has  funded  a  program  in  Chemistry  at  the  University 
of  Tennessee  at  Knoxville,  that  has  a  close  partnership  with  the  re- 
searchers here  at  Oak  Ridge.  And  that  program  actively  involves 
undergraduate  researchers.  It's  a  natural  connection,  given  Oak 
Ridge's  research  on  waste  remediation  technologies  that  often  cen- 
ter around  innovations  in  chemistry  and  chemical  engineering. 

Oak  Ridge  researchers  have  had  a  tradition  of  outreach  and  part- 
nerships with  local  universities  and  colleges  which  has  greatly  en- 
hanced the  NSF-sponsored  research  activities  at  those  schools. 

But  Oak  Ridge's  educational  outreach  is  only  one  example  where 
the  National  Laboratories  are  leaders  in  forming  innovative  part- 
nerships. Another  good  one — also  involving  NSF — is  the  National 
High  Magnetic  Field  Laboratory,  founded  through  an  innovative 
partnership  between  the  Foundation  and  Florida  State  University, 
the  State  of  Florida,  and  Los  Alamos  National  Laboratory. 

Activities  at  Oak  Ridge  in  High  Performance  Computing  and 
Communications  provide  another  very  important  example  of  part- 
nerships with  NSF  and  with  industry  as  well.  As  one  of  the  De- 
partment of  Energy's  premier  High  Performance  Computing  Cen- 
ters, Oak  Ridge  is  a  leader  in  advanced  computing  research,  aided 
by  an  important  partnership  with  the  Intel  Corporation,  in  this 
case. 
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I  should  add  that  Oak  Ridge's  Director,  Al  Trivelpiece,  has  pro- 
vided valuable  insight  and  advice  as  a  member  of  the  NSF-funded 
Task  Force  advising  us  on  the  future  of  the  NSF-supported 
Supercomputing  Centers.  We  certainly  appreciate  him  doing  that 
for  us. 

And  I  think,  as  Martha  Krebs  will  tell  us  in  her  testimony,  the 
interaction  between  industry,  universities,  and  National  Labs  is  oc- 
curring through  partnerships  of  the  kind  I've  discussed.  The  chal- 
lenge is  to  accelerate  and  enhance  these  interactions  in  order  to 
continue  the  tradition  of  discovery  in  U.S.  Science,  and  also  to  as- 
sure that  the  new  knowledge  and  technologies  that  come  from  that 
science  are  put  to  use  in  service  for  society. 

Science  is  not  simply  about  the  future.  In  a  very  real  sense,  it 
is  our  future.  We  surely  can't  forecast  where  and  when  discoveries 
will  be  made.  Research,  though,  does  provide  a  process  and  per- 
spective which  historically  has  produced  new  knowledge,  and 
knowledge  that  has  proven  to  be  vital  and  useful  in  sustaining  the 
Nation  on  a  successful  path.  In  this  regard,  science  should  be 
viewed  not  as  a  cost,  but  as  an  investment. 

Mr.  Chairman,  as  you  and  your  colleagues  deliberate  future  Fed- 
eral support  for  research,  I  would  urge  you  to  recognize  not  only 
the  complexity  of  the  research  undertaking  I've  talked  about,  but 
also  the  diversity  and  the  interrelatedness.  It  seems  appropriate 
here  to  mention  the  basic  research  activities  in  the  social,  behav- 
ioral, and  economic  sciences  at  NSF. 

These  areas  of  science  have  been  an  integral  part  of  the  NSF's 
portfolio  since  the  1950's,  and  are  at  the  core  of  our  mission  to 
maintain  the  health  of  the  Nation's  science  and  engineering  enter- 
prise. The  advances  in  Game  Theory  that  I  mentioned  earlier  show 
the  fundamental  nature,  intellectual  challenge,  and  the  practical 
value  of  these  important  tools  of  science. 

Finally,  while  both  the  House  and  Senate  budget  resolutions 
demonstrate  continued  strong  support  for  the  NSF  in  a  very  dif- 
ficult budget  environment,  the  research  enterprise  as  a  whole 
should  not  be  viewed  as  a  collection  of  isolated  parts.  Our  ability 
as  a  Nation  to  maintain  a  leadership  role  in  science  and  engineer- 
ing research  results  from  a  diversity  of  approaches,  broad  support 
of  our  purpose,  the  successful  coordination  of  strong  programs  of 
research  across  agencies,  and  integration  of  research  and  edu- 
cation. 

There  have  been  calls  to  increase  the  efficiency  of  Federally-sup- 
ported research  by  eliminating  or  consolidating  activities.  While 
there's  merit  in  having  such  a  debate,  it's  important  to  consider  the 
often  overlooked  benefits  of  the  current  system.  The  loss  of  the 
flexibility  that  we  have  under  the  current  system  could  turn  out  to 
be  a  very  high  price  to  pay  for  what  may  be  a  modest  gain  in  effi- 
ciency. 

At  NSF,  less  than  five  percent  of  our  funding  goes  for  agency  sal- 
aries and  expenses.  Yet  we  continue  to  seek  ways  to  improve  our 
efficiency  and  provide  the  public  with  an  even  greater  return  on  its 
investment  as  a  part  of  the  Federal  reinventing-government  poli- 
cies. We  need  to  continue  to  have  the  flexibility  to  do  this. 

Mr.  Chairman,  I  would  conclude  by  noting  that  every  research 
discovery    provides    an    opportunity    for    knowledge    that    can    be 
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matched  to  a  practical  problem,  it  can  be  integrated  within  and 
across  fields  of  study,  and  used  as  the  starting  point  for  new  lines 
of  inquiry.  Each  scientific  discovery  provides  us  with  a  clear  under- 
standing of  our  universe,  of  ourselves,  and  over  time,  provides  us 
with  options  for  improving  the  quality  of  all  our  lives,  the  lives  of 
our  children  and  of  their  children.  Science  is  an  investment  that 
just  keeps  on  paying. 

Thank  you  very  much  for  this  opportunity  to  testify.  I'd  be 
pleased  to  participate  in  the  question  period. 

[The  prepared  statement  of  Dr.  Lane  follows:] 
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Chairman  Schiff ,  members  of  the  Committee  and  members  of  the  Tennessee 
delegation,  it  is  a  pleasure  to  be  in  Tennessee  today  and  I  appreciate  the  opportunity 
to  testify  on  behalf  of  the  National  Science  Foundation.    I  am  pleased  to  be  here  to 
discuss  some  of  the  excellent  research  activities  and  innovative  partnerships 
occurring  at  Oak  Ridge  National  Laboratory,  one  of  the  nation's  premier  research 
institutions. 

The  topic  of  today's  hearing  --  Long-term  Science  Strategy:  A  30-Year  Approach  -  is 
certainly  timely.  While  neariy  everyone  realizes  that  it  often  takes  a  long  time  for  the 
discoveries  that  result  from  basic  research  to  be  developed  into  technology,  many  do 
not  appreciate  the  complex  interplay  of  original  ideas,  new  interpretations  of  old  ideas, 
incorporation  of  isolated  facts,  false  starts,  unexpected  breakthroughs,  chance 
conversations,  and  applications  of  new  technologies  in  unexpected  ways  that  make 
the  whole  process  work. 

This  can  make  it  difficult  to  appreciate  the  value  of  the  long-term  commitment  of  funds 
in  areas  of  research  that  appear  to  have  little  immediate  utility.     But  ironically,  it  is 
just  this  difficulty  in  predicting  when  and  how  a  scientific  discovery  will  pay  off,  that 
makes  a  national  commitment  to  government-supported  research  so  important  over 
the  long  term.   Parenthetically,  an  article  emphasizing  the  growing  emphasis  on  short- 
term  research  by  industry  appeared  in  the  Wall  Street  Journal  on  May  22  under  the 
headline  "Top  Labs  Shift  Research  Goals  To  Fast  Payoff."  So  who's  going  to  think 
about  the  nation's  future? 

But  when  we  talk  about  the  long  term,  we  are  really  referring  to  a  comparatively  small 
number  of  years.  The  NSF  was  established  in  1950,  5  years  after  the  close  of  the 
Second  Worid  War.   In  its  short  institutional  life,  the  NSF  has  played  a  critical  role  in 
helping  America  establish  preeminence  in  science.  Today,  the  NSF  has  an  important 
responsibility  for  safeguarding  and  enhancing  the  nation's  scientific  future  by 
supporting  excellent  research  in  every  area  of  science  and  engineering. 

Many  leading  economists  and  policy  researchers  have  recognized  the  importance  of 
public  investments  in  science  and  engineenng.  Several  key  studies  have  indicated 
that  these  investments  in  science  and  technology  yield  very  high  annual  rates  of 
return  to  society.  The  activities  supported  by  the  NSF  -  namely  fundamental 
research  and  education  -  are  generally  viewed  as  among  the  most  productive  of  all 
federal  investments. 

Although  fundamental  research,  by  its  very  nature,  is  focused  on  the  unanswered 
questions  that  defy  our  ability  to  predict  outcomes,  that  research  is  often  initiated  or 
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influenced  by  a  current,  practical  problem.  The  historical  example  of  the  French 
scientist  Pasteur  is  often  used  to  illustrate  this  point.   Pasteur  responded  to  public 
health  and  commercial  goals  throughout  his  stellar  career  in  microbiology.   Both  the 
histoncal  record  and  the  current  record  substantiate  the  elegant  interdependence  in 
research  of  the  quest  for  new  knowledge  and  pragmatic  purposes. 

There  are  numerous  contemporary  examples  of  research  that  is  assuredly 
fundamental  but  simultaneously  holds  promise  to  address  very  current  problems.   For 
example,  Game  Theory  --  the  economic  study  of  interdependence  --  has  been 
considered  abstract  and  arcane  even  by  most  economists.  Recently,  that 
assessment  has  changed.   In  1994,  NSF-funded  university  researchers  won  the 
Nobel  Prize  for  economics  for  their  work  in  game  theory.  And  just  last  year,  the  study 
of  game  theory  began  to  pay  big  dividends  when  leading  game  theorists  -  originally 
funded  by  NSF  --  designed  the  innovative  FCC-sponsored  auction  of  radio  spectrum 
licenses  that  have  netted  billions  of  dollars  to  the  U.S.  Treasury. 

Also,  the  study  of  one  of  nature's  greatest  feats  of  engineering,  the  spider  web,  may 
seem  to  be  esotenc  and  fundamental.   However,  researchers  have  determined  that 
the  silk  spun  by  the  golden  orb-weaving  spider  possesses  the  strength  of  steel  fibers 
while  also  being  stretchable.  The  process  by  which  a  spider  spins  silk,  unlikely  as  it 
may  seem,  holds  promise  of  yielding  environmentally-benign  manufacturing 
techniques  for  industrial  fibers.    This  research  spans  the  fields  of  biotechnology, 
materials,  and  manufacturing. 

The  interrelatedness  of  all  scientific  and  engineering  research  underscores  the  need 
to  relinquish  artificial  barners  that  may  have  hindered  the  natural  connections 
between  the  fields  of  science.    Often,  the  most  exciting  breakthroughs  and 
unexpected  discoveries  come  at  the  points  where  disciplines  overlap. 

Our  ability  as  a  nation  to  take  advantage  of  these  exciting  breakthroughs  in  the  future 
depends  largely  on  whether  we  will  have  a  healthy  and  vibrant  scientific  enterprise. 
This  can  only  occur  if  there  are  worid-class  scientists  in  our  national  laboratories  and 
our  universities  with  the  freedom  to  ask  new  questions,  investigate  every  path  and 
pose  new  ideas  regardless  of  whether  their  research  is  dnven  by  a  utilitarian  concern 
or  not.    Eric  Hoffer  once  noted  that:  "there  can  be  no  real  freedom  without  freedom 
to  fail."    Well,  that  can  equally  be  said  of  science.  I  would  maintain  that  there  can  be 
no  real  SCIENCE  without  the  freedom  to  test  new  ideas  and  to  explore  new  frontiers 
that  lead  to  the  creation  of  new  knowledge. 

How  do  we  ensure  that  the  discoveries,  breakthroughs  and  new  knowledge  actually 
benefit  our  society?  Certainly  that  is  one  of  the  questions  we  will  address  today. 

We  do  know  that  those  benefits  flowing  from  the  discovery  of  new  knowledge  do  not 
occur  as  an  automatic  result  of  many  talented  people  doing  research.  Almost  30 
years  ago,  Hendrik  Bode,  of  the  then  Bell  Telephone  Laboratories,  restated  this  by 
writing,  (quote)  "It  is  not  necessarily  true  that  an  increase  of  [fundamental]  research  by 
itself  would  lead  to  a  significant  increase  in. ..beneficial  applications.  The  outcome 
would  depend  primarily  on  the  overall  structure.  The  pnmary  problem  confronting  the 
country,  then,  is  that  of  maintaining  a  scientific  and  technological  establishment  that 
works  in  a  coherent  and  effective  way."  (end  quote) 
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The  research  enterprise,  especially  at  our  universities,  is  a  critical  component  in  that 
establishment.   Nevertheless,  it  is  only  one  leg  of  the  chair,  and  cannot  make  the 
chair  stand  firm  and  stable  by  itself.  The  mission  agencies,  the  National  Laboratories, 
the  technology  centers,  and  the  vanous  industry  consortia  all  contnbute  to  the 
effective  and  coherent  working  of  a  scientific  and  technological  establishment. 

Informed  debate  on  public  policy,  high  value  jobs,  competition  in  global  markets,  and 
the  education  of  cun-ent  and  future  generations  require  that  science  be  an  integral 
part  of  our  national  fabric.  Our  universities  and  national  labs  like  Oak  Ridge  are 
important  components  in  the  process  of  making  this  happen  though  the  creation  of 
innovative  partnerships  with  institutions  outside  the  research  environment.  Through 
these  important  partnerships,  the  new  knowledge  gained  through  the  discovery 
process  can  reach  those  who  seek  to  use  and  apply  it. 

One  example  of  how  research  is  connected  with  what  some  call  the  "real  world"  [or  at 
least  the  world  beyond  the  research  laboratory]  is  the  natural  connection  between 
research  and  the  education  of  students  at  our  universities.  One  of  the  strengths  of 
the  "American"  system  of  higher  education,  widely  acclaimed  as  the  best  in  the  world, 
has  been  that  the  practice  of  research  and  teaching  in  the  same  place  by  the  same 
people  has  capitalized  on  the  natural  and  complementary  connections  between  the 
process  of  education  and  that  of  discovery.   Each  is  enhanced  and  enriched  by  the 
other.    From  a  certain  perspective,  they  are  the  same;    they  are  both  about  learning. 

This  natural  connection  was  demonstrated  by  a  recent  sun/ey  by  Oak  Ridge 
Associated  Universities  conducted  among  its  65  member  colleges  and  universities  on 
the  subject  of  teaching  and  research. 

One  professor  said,  (quote)  "It  would  appear  to  me  that  if  one.. .acknowledges  that 
research  is  essentially  teaching  oneself,  while  instruction  is  teaching  others,  the 
interrelationship  and  symbiotic  relationship  between  the  two  is  inescapable."  (end 
quote) 

A  senior  vice-president  and  provost  said,  (quote)  "The  undergraduate  program  is  at 
the  very  heart  of  all  that  we  do.   ...     It  is  our  responsibility  to  integrate  cutting-edge 
research  and  technology  into  undergraduate  education,  to  infuse  the  international 
dimension,  and  to  develop  the  leadership  skills  of  our  students."  (end  quote) 

At  NSF  we  are  committed  to  helping  universities  foster  these  natural  connections 
through  a  number  of  innovative  programs  designed  to  increase  the  participation  of 
undergraduates  in  research.  One  of  them,  the  Research  Experiences  for 
Undergraduates  (commonly  known  as  the  REU)  program,  gives  undergraduate 
students  the  chance  to  participate  directly  in  research  projects.  On  virtually  every 
campus  and  at  National  Laboratories  like  Oak  Ridge  that  I  have  visited,  I  hear  very 
strong  statements  about  the  successes  of  this  program  and  the  importance  of  keeping 
it  strong.  So  it  seems  that  we  are  having  some  impact. 

One  example  of  this  impact  can  be  seen  here  in  Tennessee.    NSF  has  funded  an 
REU  program  in  Chemistry  at  the  University  of  Tennessee  at  Knoxville  that  has  had  a 
close  partnership  with  the  researchers  here  at  Oak  Ridge.    This  is  a  natural 
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connection  given  Oak  Ridge's  research  on  waste  remediation  technologies  that  often 
center  around  innovations  in  chemistry  and  chemical  engineering.   Oak  Ridge 
researchers  also  have  had  a  tradition  of  outreach  and  partnerships  with  local 
universities  and  colleges  which  have  greatly  enhanced  the  NSF-sponsored  research 
activities  at  those  schools. 

These  partnerships  with  universities  and  industry  are  crucial  for  the  success  of  the 
National  Laboratories.   But  Oak  Ridge's  educational  outreach  are  only  one  area 
where  the  National  Laboratories  are  leaders  in  forming  these  innovative  partnerships. 
One  of  the  best  examples  that  also  involves  NSF  can  be  seen  in  at  the  National  High 
Magnetic  Field  Laboratory,  founded  through  an  innovative  partnership  between  NSF, 
Florida  State  University,  the  State  of  Florida  and  Los  Alamos  National  Laboratory. 
Also,  Oak  Ridge's  activities  in  High  Performance  Computing  and  Communications  are 
also  very  important  examples  of  partnerhsips  with  NSF  and  with  industry  as  well.  As 
one  of  the  Department  of  Energy's  premier  High  Perfonmance  Computing  Centers, 
Oak  Ridge  is  leader  in  advanced  computing  research  aided  by  an  important 
partnership  with  the  Intel  Corporation.   Oak  Ridge's  Director,  Al  Trivelpiece,  has  also 
provided  important  insight  and  advice  as  a  member  of  an  NSF-sponsored  Task  Force 
on  the  Future  of  the  NSF-University  Supercomputing  Centers. 

So,  as  Martha  Krebs  has  also  discussed  in  her  testimony,  the  interaction  between 
industry,  universities  and  the  National  Labs  is  occurring.    What  we  need  to  think 
about  is  how  we  can  accelerate  and  enhance  these  interactions  in  order  to  continue 
the  fine  history  of  discovery  at  the  National  Labs. 

The  process  of  discovery  is  integral  to  progress  -  our  world  is  very  much  predicated 
on  and  powered  by  science  and  technology.  Anyone  who  has  gone  through  the 
checkout  line  in  the  supermarket  can  testify  to  that.  Thus  we  must  not  hold  science 
separate  and  autonomous  from  our  everyday  lives.   Our  nation,  indeed  every  society, 
has  real  needs  and  problems.   Science  must  toil  in  those  trenches  as  a  partner  in 
finding  solutions. 

We  all  know  that  science  is  not  simply  about  the  future.   Rather,  it  is  the  future.   While 
we  surely  cannot  forecast  where  and  when  discovenes  will  be  made,  research 
provides  a  process  and  a  perspective  which  historically  has  produced  new  knowledge 
-  knowledge  that  has  proven  to  be  vital  and  diversely  useful  to  sustaining  this  nation 
on  a  successful  path. 

Mr.  Chairman,  as  you  and  your  colleagues  deliberate  future  Federal  support  for 
research,  I  would  urge  you  to  recognize  not  only  the  complexity  of  the  research 
undertaking,  but  also  its  interrelatedness.   It  seems  appropriate  here  to  mention  the 
importance  of  the  basic  research  activities  in  the  social,  behavioral  sciences  at  the 
National  Science  Foundation.  These  areas  of  science  have  been  an  integral  part  of 
the  portfolio  of  research  that  we  have  funded  since  the  1950's  and  are  important  to 
our  mission  to  maintain  the  health  of  the  Nation's  science  and  engineenng  enterprise. 
These  disciplines  have  contributed  significant  advances  in  research,  as  exemplified 
by  the  dramatic  payoff  gained  by  the  advances  in  game  theory  that  I  have  mentioned. 

While  both  the  House  and  Senate  budget  resolutions  demonstrate  continued  strong 
support  for  NSF  in  a  very  difficult  budget  environment,  the  research  enterprise  cannot 
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be  viewed  in  isolation.    Our  ability  as  a  nation  to  maintain  a  leadership  role  in  science 
and  engineenng  research  results  from  a  diversity  of  approaches,  broad  support  of  our 
purpose,  and  successful  coordination  of  research  across  agencies,  and  the 
integration  of  research  and  education. 

There  have  been  calls  to  increase  the  efficiency  of  Federally  supported  research  by 
eliminating  or  consolidating  activities.  While  there  is  merit  in  having  this  debate,  it  is 
important  to  consider  the  often  overlooked  benefits  of  the  current  non-centralized 
system.  The  loss  of  the  flexibility  that  we  have  under  the  current  system  could  be  turn 
out  to  be  too  high  a  price  to  pay  for  what  may  be  a  very  modest  gain  in  efficiency.  At 
NSF,  less  than  five  percent  of  NSF  funding  goes  for  agency  salanes  and  expenses, 
yet  we  continue  to  seek  ways  to  improve  our  efficiency  and  to  provide  the  public  with 
an  even  greater  return  on  its  investment. 

Mr.  Chairman,  I  would  conclude  by  noting  that  there  is  no  such  thing  as  useless 
scientific  knowledge.   Every  research  discovery  provides  information  that  can  be 
matched  to  a  practical  problem,  integrated  within  and  across  fields  of  study,  and  used 
as  the  starting  point  for  new  lines  of  inquiries.   Each  discovery  provides  us  with  a 
clearer  understanding  our  universe  and  ourselves,  and  over  time,  provides  us  with 
options  for  improving  the  quality  of  our  lives. 

Thank  you  for  this  opportunity  to  testify,  and  I  would  be  pleased  to  respond  to  any 
questions  that  you  might  have. 
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Chairman  Steven  Schiff.  Thank  you,  Dr.  Lane.  Dr.  Krebs. 

TESTIMONY  OF  DR.  MARTHA  KREBS,  DIRECTOR,  OFFICE  OF 
ENERGY  RESEARCH,  DOE,  WASHINGTON,  DC 

Dr.  Martha  Krebs.  Mr.  Chairman,  members  of  the  Subcommit- 
tee, also  my  fellow  witnesses,  on  behalf  of  the  Department  of  En- 
ergy, I'd  like  to  take  the  opportunity  to  thank  you  for  bringing  the 
Subcommittee  and  for  coming  to  Oak  Ridge  today,  because  we  at 
DOE  see  Oak  Ridge,  the  contractors  here,  the  Laboratory,  and  the 
community  as  a  very  important  part  of  the  Department  of  Energy. 
And  one  that  has  had  a  history  of  continuous  contributions  to  DOE 
missions,  from  the  national  security  mission,  to  energy,  to  science 
and  technology. 

And  I  wanted  to  particularly  say  how  important  I  think  it  is  for 
members  to  visit  these  kinds  of  facilities,  and  to  learn  firsthand 
what  they  bring  to  the  science  and  technology  enterprise  of  the  Na- 
tion. 

This  afternoon  I'd  like  to  talk  about,  first  of  all,  this  issue  of 
long-term  science  and  technology  strategy,  DOE's  role  in  that  strat- 
egy, the  assets,  the  science  and  technology  assets  that  are  rep- 
resented by  DOE's  National  Laboratories.  And  I  would  like  then  to 
comment  on  the  need  for  maintaining  bipartisan  support  for 
science  and  technology  as  we  go  forward  in  what  I  think  we  all  be- 
lieve is  a  bipartisan  effort  to  reduce  the  deficit  for  this  country. 

First  of  all,  let  me  talk  about  the  science  and  technology  strategy 
issues.  Fifty  years  ago,  Vannevar  Bush  reported  to  President  Tru- 
man in  his  document  called  Science,  The  Endless  Frontier.  And 
after  World  War  II  and  the  clear  benefits  that  science  and  tech- 
nology, and  scientists  and  engineers  could  bring  to  the  war  effort, 
it  became  clear  that  it  was  important  to  maintain  that  capability. 
And  Science,  The  Endless  Frontier  was  a  vision  of  benefits  that  sci- 
entists and  engineers  could  bring  to  this  country. 

And  in  the  ensuing  half  century,  what  we  have  seen  and  has 
been,  in  fact,  validated  by  various  studies,  that  science  and  tech- 
nology investments  by  the  Government  and  by  the  private  sector, 
have  brought  at  least  a  fifty-percent  annual  rate  of  return  to  this 
economy,  and  to  our  country,  and  to  the  people  who  benefit  from 
that  science  and  engineering. 

What  we  have  also  seen  is  that  we're  now  at  the  end  of  the  Cold 
War,  that  there  has  been,  as  Dr.  Lane  noted,  a  decline  in  corporate 
R&D.  So  there  has  been  a  need  for  a  revisitation  of  what  is  and 
should  be  science  and  technology  policy  in  this  country. 

I  believe  that  the  Clinton  Administration,  from  the  very  begin- 
ning, recognized  the  need  to  articulate  a  new  science  and  tech- 
nology policy;  not  just  a  science  policy,  but  also  a  technology  policy. 
Within  days  after  his  inauguration,  the  President  released  "Tech- 
nology, Engine  of  American  Growth."  And  it,  too,  was  a  vision.  It 
was  a  vision  for  world-class  science,  math,  and  engineering,  a  vi- 
sion of  economic  growth  and  environmental  stewardship,  and  effec- 
tive government.  Which,  in  large  measure,  for  those  of  us  who  are 
in  the  middle  of  it,  we  are  re-engineering,  downsizing,  and  learning 
how  to  do  more,  or  at  least  the  same,  with  less. 

And  in  a  further  articulation  of  what  that  meant  for  science,  in 
late  1994,  the  President  released  a  policy  statement  that  was  prob- 
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ably  the  first  by  a  president  in  perhaps  more  than  twenty  years, 
and  that  was  Science  in  the  National  Interest,  in  which,  he  laid  out 
goals  for  the  science  establishment  that  related  not  only  to  the  pur- 
suit of  fundamental  understanding,  but  also  to  a  connection  be- 
tween basic  and  applied  research  in  support  of  national  missions 
and  national  goals. 

Within  the  Department  of  Energy,  we  see  ourselves  as  major 
players  in  that  science  and  technology  policy,  not  only  in  the  con- 
text that  the  President  has  set  out,  but  in  the  longer  term  context 
that  we  are  all  invested  in.  Within  the  Department  of  Energy  and 
our  seventeen-and-a-half-billion-dollar  budget,  six-point-six  billion 
is  considered  for  research  and  development,  more  than  forty  per- 
cent. 

But  when  you  think  about  our  total  budget,  the  remainder  of  the 
seventeen-point-five  billion  that's  invested  in  national  security,  in 
environmental  cleanup,  in  energy,  and  in  science  and  technology; 
generally  we  are  driven — all  of  that  investment  is  driven — by  the 
contributions  that  we  make  in  science  and  technology.  We  could  not 
pursue  our  national-security  requirements  without  a  close  connec- 
tion between  basic  science,  physics,  and  chemistry,  and  the  more 
practical  applications  that  are  involved  in  engineering  and  systems 
development. 

Similarly,  energy  is  an  activity;  a  set  of  technologies  that  re- 
quires us  not  only  to  have  fundamental  understanding,  but  also  to 
understand  and  to  develop  applications  from  those  fundamental 
understandings.  At  times,  the  applications,  the  problems  drive  the 
need  for  understanding.  And  so,  within  the  Department  of  Energy, 
we  see  ourselves  as  needing  to  invest  in  science  and  technology,  in 
basic  and  applied  science,  in  things  that  meet  near-term  needs,  in 
our  weapons  and  our  cleanup,  and  even  at  times  in  the  energy 
technology  programs,  but  also  which  are  driven  and  require  a  long- 
term  investment  in  fundamental  science. 

We  are,  as  I  indicated,  a  major  player  in  basic  research.  We  pro- 
vide, in  addition  to  ninety  percent  of  the  investment  in  high-energy 
nuclear  physics,  we  have  about  one-point-seven  billion  dollars  in 
activities  that  provide  the  knowledge  and  skill  base,  the  human 
and  physical  infrastructure  for  DOE's  energy  and  environmental  is- 
sues. This  is  problem-focused  science,  from  material  science,  chemi- 
cal science,  geosciences,  human  genome,  nuclear  medicine — all  of 
these  are  driven  by  the  opportunities  and  the  needs  associated  with 
either  producing  and  using  energy  or  understanding  the  health  and 
environmental  consequences  of  energy. 

They  are  intrinsically  multi-disciplinary.  And  from  the  beginning, 
because  we  start  with  practical  problems,  we  need  to  bring  many 
disciplines  together. 

We  are  collaborative;  we  manage  our  programs  from  the  begin- 
ning in  a  collaborative  way  that  reaches  across  institutional  as  well 
as  disciplinary  lines.  We  make  our  investments  in  universities,  in 
national  laboratories,  and  in  industry.  We  manage  our  programs  so 
that  these  institutions  talk  to  each  other.  We  manage  across  lines 
within  the  Department  of  Energy.  We  cooperate  and  collaborate 
with  our  colleagues  in  our  technology  programs.  We  find  our  prob- 
lems in  our  technology  programs.  We  find  our  technologies  in  our 
customers  in  the  energy  industries. 
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And  we  work  with  other  agencies.  As  Neil  Lane  indicated,  we 
have  collaborative  programs  with  the  National  Science  Foundation. 
The  human  genome  program  is  an  intrinsically  interagency,  as  is 
our  efforts  in  global  climate  research. 

Let  me  turn  now  to  the  Laboratory  system.  As  you  know,  I  spent 
the  last  ten  years  before  I  joined  the  Department  of  Energy  in  a 
DOE  National  Laboratory.  I  believe,  not  only  from  my  head  but 
also  from  my  heart,  because  of  the  people  that  I  have  had  and  have 
had  the  opportunity  to  deal  with,  that  these  laboratories  are,  in- 
deed, critical  elements  of  the  national  science  and  technology  infra- 
structure, that  they  represent  assets  not  only  to  the  Department  of 
Energy,  but  also  to  the  broad  science  and  technology  effort  of  this 
country. 

They  are  a  set  of  tremendous  people  who  have  the  capability  to 
build  and  operate  facilities  that  not  only  benefit  the  Department  of 
Energy,  but  also  the  national  science  effort.  Examples:  Dr.  Lane 
spoke  about  the  advanced  computing  facility  that  is  pursuing  the 
development  of  massively  parallel  computing.  That  benefits  not 
only  the  Department  of  Energy's  effort  to  understand  energy  tech- 
nologies, but  also  brings  in  users  from  the  scientific,  university 
community,  and  industry  community. 

The  single-purpose  laboratory,  such  as  Fermi  Lab  and  the  Stan- 
ford Linear  Accelerator  Center  in  California,  have  pursued  a 
course — and,  most  recently,  of  course,  we  discovered  and  finally  de- 
termined that,  indeed,  we  had  discovered  the  top  core.  When  I  told 
the  Secretary  that,  indeed,  we  had  discovered  the  top  core,  she  said 
to  me,  "Martha,  what  is  this  good  for?"  And  I  said  to  her,  I  said, 
"Madam  Secretary,  I  don't  know  yet." 

But  what  I  do  know  is  that  sixty  or  seventy  years  ago  we  didn't 
know  that  there  were  protons;  we  certainly  didn't  know  what  they 
were  good  for.  But  now,  we  treat  cancers,  and  we  use  them,  for  ex- 
ample, to  produce  neutrons  that  help  us,  in  fact,  understand  mate- 
rials. So  we  can't  predict  always  what  will  come  from  fundamental 
science,  but  what  we  have  is  a  set  of  examples  and  instances 
where,  clearly,  there  has  been  payoff  for  humanity. 

There  are  many  other  examples  that  I  could  give  you  but  I'm  not 
going  to  dwell  on  them  for  the  Department  as  a  whole.  But,  clearly, 
here  at  Oak  Ridge  I  think  there  is  an  excellent  set  of  examples  of 
how  these  Laboratories  work  together  with  the  other  members  of 
the  county  to  provide  benefits  for  our  society. 

Before  the  hearing  began,  we  heard  from  Dr.  Shull  about  neutron 
scattering,  and  one  of  the  things  that  made  me  think  about  was 
that  here  was  an  example  of  technology  that  had  been  developed 
for  the  national  security  of  this  country,  and  that  was  available 
and  ready  to  be  turned  to  asking  some  very  fundamental  questions 
that  could  not  have  been  asked  without  the  technology  that  had 
been  otherwise  developed. 

And  as  a  consequence  of  asking  fundamental  questions,  we  were 
subsequently  able  to  develop  and  build  here  the  High-Flux  Isotope 
Reactor,  HFIR,  which  has  become  an  invaluable  tool  for  science 
and  for  technical  applications  in  collaboration  with  many  members 
of  the  industrial  community. 

The  Oak  Ridge  National  Laboratory  took  that  capability  and  ma- 
terials characterization  and  applications  a  step  further  when  they 


23 

proposed — and  the  Department  of  Energy  built — the  High-Tem- 
perature Materials  Laboratory,  which  offers  an  opportunity  for  col- 
laboration between  my  basic  science  programs  and  the  energy  effi- 
ciency programs,  and,  once  again,  provides  an  opportunity  for  col- 
laboration with  university  and  industry  to  develop  new  devices  and 
materials  for  use  in  energy-efficient  technologies. 

Finally,  I'd  like  to  note  Liane  Russell's  contribution.  It  was  made 
possible  here  at  Oak  Ridge,  and  for  which  she  won  the  1994  Fermi 
Award.  And  her  understanding  of  mammalian  genetics  laid  the 
foundation  for  our  contributions  within  the  Department  and  our 
understanding  that  allowed  us  to  be  a  contributor  to  the  human  ge- 
nome program. 

These  are  the  kinds  of  things  that  happen  at  National  Labora- 
tories, and  that,  in  some  respects,  don't  happen  in  universities.  Be- 
cause we  can  bring  to  bear  in  these  institutions  the  people,  with 
their  various  interests  and  capabilities,  motivated  by  the  problems 
that  have  national  importance.  And  moving  from  that  base,  we  can 
make  contributions  that  go  far  beyond  just  the  national  positions 
that  we  started  from. 

And  what's  important  to  me  is  that  we  not  lose  that  capability. 
For  me,  I  believe  that  the  benefits  of  the  fifty-year  partnership  that 
was  envisioned  by  Vannevar  Bush  are  obvious  in  places  like  Albu- 
querque, New  Mexico,  and  Berkeley,  California,  and  Hanford, 
Washington.  These  institutions  have  brought  to  bear  a  way  of 
doing  science  that  is  important  for  us  not  to  lose,  especially  in  this 
time  of  budget  reductions. 

We  in  the  Department  of  Energy  understand  the  need  to  balance 
the  budget.  We  proposed — I  should  say,  indeed,  the  Secretary  and 
the  President  have  proposed — a  way  to  obtain  fourteen-point-one 
billion  dollars  in  reductions  over  the  next  five  years.  I  personally, 
as  a  manager  within  the  Department  of  Energy,  am  challenged  to 
meet  those  goals.  But  I  am  concerned,  as  we  move  towards  these 
deficit  reductions,  that  we  not  engage  in  an  ideological  view  of  gov- 
ernment downsizing. 

I  am  concerned  that  there  may  be  a  misunderstanding  of  DOE's 
responsibilities  and  contributions  to  science  and  technology,  both 
near-  and  long-term.  And  that  in  an  unthinking  way,  we  may  turn 
back  the  clock,  especially  in  science  and  technology.  Especially  in 
science,  you  may  break  a  system  that  is  the  envy  of  the  world. 

In  Science  in  the  National  Interest,  the  document  I  referred  to 
earlier,  there's  a  quote  that  goes: 

The  Nation's  R&D  investment  has  yielded  a  scientific  enterprise  without  peer, 
whether  measured  in  terms  of  discoveries,  citations,  awards  and  prizes,  advanced 
education,  or  contributions  to  industrial  and  informational  innovation.  Our  scientific 
strength  is  a  treasure  which  we  must  sustain  and  build  on  for  the  future. 

We  welcome  the  Subcommittees'  focus  on  these  issues.  It  takes 
vision  and  courage  to  maintain  the  long-term  focus  and  commit- 
ment that's  represented  by  the  Department's  assets,  especially  in 
laboratories.  We  look  forward  to  working  with  you.  I  look  forward 
to  working  with  you,  and  your  colleagues,  to  support  the  Federal — 
and  the  DOE — science-and-technology  engine  that  has  benefited 
our  Nation,  this  community,  and  all  the  individual  citizens  of  this 
country.  Thank  you. 

[The  prepared  statement  of  Dr.  Krebs  follows:] 
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Mr.  Chairman  and  Members  of  the  Subcommittee. 

I  am  pleased  to  be  here  today  to  discuss  federal  support  for  science  and 
technology.  I  appreciate  the  broad  scope  of  your  hearing  charter,  and 
particularly  welcome  your  decision  to  hold  this  hearing  at  the  Department  of 
Energy's  (DOE's)  Oak  Ridge  National  Laboratory.  The  timing  of  this  hearing  is 
extremely  important  as  well,  given  the  major  decisions  being  made  within  the 
Congress  on  ways  of  reducing  the  federal  budget  def icit--including  through 
major  cutbacks  in  certain  areas  of  federal  research  and  development  (R&D). 

The  title  of  this  hearing  makes  clear  that  the  Subcommittee's  overriding 
interest  is  with  the  development  of  a  long-term  national  science  strategy.  At 
the  outset,  I  will  express  my  firm  view  that  one  cannot  develop  a  science 
strategy  in  isolation  from  technology.  Although  it  seems  to  be  in  vogue  these 
days  to  describe  science  and  technology  as  separate  and  distinct 
activities--with  sharp  dividing  lines  between  them--I  believe  this  is  a  wholly 
Inaccurate  view  of  the  R&D  enterprise.  Science  and  technology,  research  and 
development,  these  are  inextricably  linked  parts  of  the  process  of  discovery, 
innovation,  and  application.   I  will  emphasize  this  point  throughout  my 
testimony,  which  is  organized  in  four  general  parts. 

First,  I  will  address  the  need  to  support  the  President's  national  science  and 
technology  policy.  Second,  I  will  provide  a  general  overview  of  the 
Department  of  Energy's  R&D  program  within  the  context  of  total  federal  R&D 
spending.  Third,  I  will  briefly  review  highlights  of  the  Department's 
laboratory  system,  which  represents  a  major  asset  within  the  Federal 
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Government's  RiD  infrastructure.  Finally,  I  will  address  concerns  that  I  have 
regarding  possible  congressional  action  that  would  jeopardize  important 
National  R&D  programs- -both  here  at  Oak  Ridge  National  Laboratory  and 
elsewhere- -that  are  aimed  at  advancing  scientific  understanding  and 
accelerating  the  development  of  energy  and  environmental  technologies. 

TOWARD  A  NATIONAL  SCIENCE  AND  TECHNOLOGY  STRATEGY 

Development  of  a  long-term  national  science  and  technology  strategy  is  an 
extremely  worthy  objective.  I  emphasize  the  adjective  long-term,  because 
advances  in  research  and  development--particularly  in  basic  science--involve 
long  time  horizons.  Stability  both  in  the  funding  and  policy  framework  for 
such  research  is  enormously  important  for  the  efficiency  and  effectiveness  of 
the  work. 

During  the  past  50  years--at  least  from  the  end  of  World  War  II  through  the 
end  of  the  Cold  War--the  nation  has  had  a  fairly  stable,  long-term  science 
policy.  The  intellectual  foundation  for  that  strategy  was  provided  in  the 
landmark  1945  report  by  Vannevar  Bush  to  President  Truman--$cience  the  Endless 
Frontier.  That  report,  and  its  compelling  justification  for  strong  federal 
support  for  research  and  development,  helped  establish  the  United  States  as 
the  world's  leader  across  virtually  all  fields  of  science  and  technology. 

It  is  no  understatement  to  say  that  science  and  technology  have  defined  our 
place  in  history  in  the  20th  Century,  helping  us  win  the  Cold  War,  conquer 
many  forms  of  disease,  improve  our  quality  of  life,  and  greatly  expand  the 


27 


U.S.  econoiny.   The  payoff  for  our  investments  has  been  enormous.   Many 
economic  studies  have  shown  that  federal  Investments  in  science  and  technology 
have  brought,  on  average,  a  50  percent  rate  of  return  to  U.S.  society. 

The  framework  for  U.S.  science  policy  in  the  past,  however,  is  not  likely  to 
govern  the  future.  With  the  dissolution  of  the  Soviet  Union  and  growing 
concern  with  federal  budget  deficits,  it  has  become  clear  that  federal  RiD 
spending  patterns  will  change.  They  already  are  changing.  Corporate 
investments  in  long-term,  basic  research  has  declined  considerably, 
university  R&D  faces  new  pressures;  and  federal  R&D  may  be  on  the  brink  of  an 
historic  decline. 

Since  taking  office.  President  Clinton  has  had  a  clear  view  of  the  importance 
of  science  and  technology  policy  within  the  larger  goals  of  government. 
Within  days  of  his  inauguration.  Technology,  the  Engine  of  Growth  was 
published.  The  framework  established  by  the  President  saw  science  and 
technology  as  a  continuum  with  multiple  opportunities  for  feedback  and 
interaction  throughout  the  process.  Building  upon  a  firm  base  of  fundamental 
science,  federal  investment  in  both  science  and  technology  were  aimed  at 
benefits  for  national  missions,  for  improved  government  services,  and  for  the 
American  people.  The  distinctions  between  basic  and  applied  science  or 
between  science  and  technology  became  less  important.  What  remained  critical 
was  the  continued  commitment  to  benefits  in  the  long-term, 

In  late  1993,  the  Clinton  Administration  continued  its  rearticulation  of 
science  policy.   Under  the  leadership  of  the  President's  Science  Advisor, 
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Jack  Gibbons,  a  major  new  policy  document  was  developed  with  the  active 

involvement  of  hundreds  of  leading  scientists  from  throughout  the  nation. 

Science  in  the  National  Interest,  released  in  August  1994,  provides  a 

compelling  justification  for  continued  strong  federal  RiD.   As  stated  in  that 
report; 

"The  nation's  [R&D]  Investment  has  yielded  a  scientific  enterprise 
without  peer,  whether  measured  in  terms  of  discoveries,  citations, 
awards  and  prizes,  advanced  education,  or  contributions  to  industrial 
and  informational  innovation.  Our  scientific  strength  is  a  treasure 
which  we  must  sustain  and  build  on  for  the  future." 

This  powerful  observation  provides  a  useful  guide  to  the  Subcommittee  as  it 
thinks  about  a  science  and  technology  strategy  for  the  next  century.  At 
present,  the  United  States  has  a  scientific  and  technological  enterprise  that 
is  the  envy  of  the  world.  I  recognize  that  the  mood  in  Congress  Is  to 
radically  reform  and  to  revolutionize  government  institutions  and  funding 
patterns.  However,  in  the  name  of  change  and  deficit  reduction  we  must  be 
cautious  not  to  fix  things  that  aren't  broken,  or  endanger  our  ability  to 
generate  future  wealth  and  improved  quality  of  life  once  our  deficit  is  in 
balance. 

DEPARTMENT  OF  ENERGY:  A  MAJOR  PLAYER  IN  FEDERAL  RU) 

This  Committee  is  well  familiar  with  the  extent  to  which  the  Department  of 
Energy  has  been  a  major  investor  in  science  and  technology  for  the  benefit  of 


29 


the  Nation.  Historically,  the  Department's  responsibility  for  nuclear 
deterrence  and  now  stewardship  for  the  nuclear  stockpile  has  been  delivered 
through  the  support  of  fundamental  physics  and  chemistry  combined  with 
engineering  and  systems  management.  Our  mission  for  environmental  cleanup  can 
only  be  delivered  through  the  development  of  state-of-the-art  technologies 
based  on  fundamental  discoveries  about  the  behavior  of  contaminants.  Our 
energy  mission  is  equally  challenging,  in  that  it  requires  marshalling  of  the 
science  and  technology  that  underlies  future  energy  technologies  as  well  as 
their  consequences  for  the  environment  and  human  health.   It  also  depends  on 
achieving  an  appropriate  balance  and  coordination  of  the  federal  investment 
with  the  private  investment. 

In  the  realm  of  Federal  agencies  that  support  science  and  technology,  the 
Department  of  Energy  is  one  of  the  largest.  Our  diversified  R&D  budget 
provides  federal  support  for  scientists  and  engineers  throughout  the  nation. 
The  Department's  total  RiH   budget  for  Fiscal  Year  1995  is  $6.6  billion, 
amounting  to  nearly  40  percent  of  the  Department's  overall  Fiscal  Year  1995 
budget  of  $17.5  billion,  and  nearly  10  percent  of  the  total  federal  R&D  budget 
of  $72  billion.  In  the  area  for  which  I  am  responsible,  the  Department's  $2.8 
billion  funding  of  basic  research  places  it  second  to  only  the  National 
Institutes  of  Health  (NIH)  in  terms  of  support  for  fundamental  exploratory 
research.  The  National  Science  Foundation  (NSF),  National  Aeronautics  and 
Space  Administration  (NASA),  and  the  Department  of  Defense  rank  third  through 
fifth  respectively. 
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We  are  the  historical  sponsors  of  research  in  high  energy  and  nuclear  physics, 
providing  90  percent  of  the  support.   Through  our  investments  in  materials 
and  chemical  sciences,  in  geosciences,  in  structural  biology,  in  atmospheric 
physics  and  chemistry,  in  human  genomics,  the  Office  of  Energy  Research 
provides  the  knowledge  and  skill  base  and  the  human  and  physical 
infrastructure  for  the  Department's  energy  and  environmental  missions.  This 
energy  and  environmental  problem-focus  informs  our  investments  in 
universities,  National  Laboratories  and  industry.  The  Department's  research- 
program  supports  over  2300  university  RiD  grants  totaling  more  than 
$600  million  annually  at  more  than  100  U.S.  universities.   These  grants 
support  more  than  7,000  principle  investigators.   Wherever  we  invest,  we 
manage  our  programs  to  enhance  collaboration  and  communication  across 
institutions  and  disciplines.  Joint  investments  with  our  colleagues  in  the 
Department's  technology  programs  and  with  other  agencies  such  as  NSF  and  NIH 
are  critical  elements  of  our  approach. 

A  nearly  unique  aspect  of  the  Department's  investments  in  fundamental  science 
has  been  its  support  for  large-scale  user  facilities  at  its  National 
Laboratories.  These  facilities  are  another  manifestation  of  the  Department's 
comnitment  to  collaborative  research.  Driven  by  opportunities  for  new 
knowledge  that  supports  the  Department's  missions,  these  facilities  support 
more  than  15,000  users,  predominantly  in  the  universities,  and  are  often 
supported  by  sponsors  other  than  the  Department  of  Energy.  These  facilities 
are  a  critical  element  of  the  Nation's  physical  infrastructure  for  science 
that  has  kept  us  at  the  forefront  of  international  science. 
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The  contribution  of  these  facilities  has  been  recognized  by  the  inclusion  of  a 
5100  million  increase  in  the  Fiscal  Year  1996  budget  request.  The  number  of 
researchers  at  these  facilities  has  grown  by  nearly  50  percent  during  the  past 
five  years,  yet  the  Department  must  turn  away  large  numbers  of  highly 
Bieritorious  research  proposals  each  year.  The  Science  Facilities  Initiative 
would  enable  thousands  of  additional  researchers  to  perform  their  work  on  the 
major  DOE  user  facilities. 

THE  DOE  LABORATORY  SYSTEM:  A  UNIQUE  NATIONAL  ASSET 

The  Department  of  Energy  manages  the  largest  laboratory  system  of  its  kind  in 
the  world.  With  origins  in  the  Manhattan  Project,  the  DOE  laboratories  have 
evolved  during  the  past  50  years  to  become  a  major  component  of  the  Nation's 
Infrastructure  for  maintaining  U.S.  leadership  in  scientific  discovery  and 
knowledge  generation.  Programs  conducted  at  the  Laboratories  have 
consistently  challenged  our  basic  understanding  of  the  world  around  us  and 
driven  new  fields  of  scientific  inquiry  and  technology  development. 

The  Department  operates  29  laboratories,  ranging  from  large  multi-program 
laboratories  such  as  Sandia  National  Laboratory,  Oak  Ridge  National 
Laboratory,  and  Brookhaven  National  Laboratory,  to  smaller,  single  program 
laboratories  such  as  the  Fermi  National  Accelerator  Laboratory  and  the 
Stanford  Linear  Accelerator  Laboratory.  The  DOE  laboratory  system  supports 
more  than  25,000  scientists,  engineers,  and  other  technical  staff.   The 
Nation  has  invested  more  than  $100  billion  in  these  laboratories  during  the 
past  SO  years  to  make  them  the  world-class  facilities  that  they  are. 
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The  DOE  laboratories  are  helping  develop  solutions  to  National  scientific 
challenges  in  areas  such  as:  enhanced  environmental  quality  through  clean 
energy  sources  and  pollution-prevention  technologies;  enhanced  security 
through  continued  reductions  in  the  nuclear  threat;  continued  leadership 
across  the  frontiers  of  scientific  knowledge;  and  a  growing  economy  fueled  by 
technology  innovations  that  enhance  U.S.  industrial  competitiveness  and  create 
high-skill,  high-wage  jobs  for  American  workers. 

The  most  valuable  assets  that  the  DOE  laboratories  have  brought  to  their 
mission  assignments  in  the  past--and  that  will  be  dedicated  to  future 
missions'--are  their  human  and  physical  resources.  These  assets  are 
characterized  by  interdisciplinary  teams  with  the  skills  to  tackle  national 
problems  of  great  complexity  and  scope,  and  sophisticated  and  often  unique 
scientific  facilities  that  enable  researchers  to  explore  new  scientific 
frontiers,  to  model  and  simulate  processes  and  solutions  to  problems,  and  to 
achieve  new  understandings  of  how  the  world  works  and  how  technology  can 
better  address  national  needs.  These  resources  have  helped  train  generations 
of  scientists  and  technologists  who  have  carried  the  capabilities  of  the 
laboratories  to  industry  and  academia. 

By  virtue  of  several  decades  of  investment  by  the  Nation  in  the  DOE 
laboratories,  these  institutions  currently  exhibit  a  combination  of  physical 
and  human  R&D  assets  not  duplicated  anywhere  in  the  world.  The  replacement 
value  of  the  physical  R&D  assets  at  these  laboratories  exceeds  $30  billion, 
and  includes  facilities  such  as: 
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0     One  of  the  world's  premier  assemblages  of  high-perfortnance  computing 
centers,  Including  many  of  the  world's  most  powerful  scientific 
computers,  which  serve  as  a  fundamental  tool  for  helping  meet 
essentially  all  of  the  missions  of  the  laboratories  and  which  are 
setting  the  stage  for  broad  use  of  massively-parallel  computers  1n  the 
future; 

0    Two  of  the  world's  most  powerful  particle  accelerators,  which  are  being 
used  to  discern  the  fundamental  building  blocks  of  nature; 

0    Three  of  the  Nation's  most  sophisticated  facilities  for  mapping  the 
human  genome; 

0     Two  of  the  world's  most  powerful  neutron  sources,  which  provide  the 
means  for  materials  characterization,  medical  isotope  production,  and 
environmental  analysis; 

0    One  of  the  world's  leading  tokamak  reactors  for  studying  fusion  plasmas, 
which  has  produced  the  most  power  ever  in  controlled  fusion  energy 
experiments; 

0    Three  of  the  world's  premier  x-ray  radiation  sources,  which  are  being 
tapped  for  materials  research  in  areas  ranging  from  structural  biology 
to  designing  integrated  circuits  to  developing  new  industrial  chemicals; 
and 
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0  Major  and  unique  facilities  for  studying  combustion,  solar  thermal 
generation  of  electricity,  photovoltaic  cells,  energy  efficient  lighting 
and  window  systems,  nuclear  reactor  safety,  energy  utilization  for 
construction  materials  and  building  technologies,  and  semiconductor 
reliability. 

The  Department  operates  26  major  R&D  user  facilities,  which  are  used  by  more 
than  15,000  scientistseach  year  from  institutions  located  in  all  50  states, 
including  353  colleges  and  universities  and  245  U.S.  companies.   In  the  State 
of  Tennessee  alone,  there  are  more  than  20  companies  and  eight  colleges  and 
universities  that  use  DOE  user  facilities. 

1  will  provide  some  specific  examples  to  indicate  how  this  works  out  right 
here  1n  Oak  Ridge.  Clifford  Shull  is  here  today.  His  pioneering  work  at  the 
Graphite  Reactor  revealed  the  phenomenon  of  neutron  scattering  and  won  him  the 
Nobel  Prize  in  Physics  for  1994.  It  also  laid  the  foundation  for  neutron 
scattering  as  a  powerful  tool  for  both  fundamental  knowledge  and  routine 
industrial  applications.   Today  the  High  Flux  Isotope  Reactor  serves  hundreds 
of  users  from  universities  and  industries  interested  in  exploring  the 
structure  and  dynamics  of  matter.  This  versatile  facility  has  had  impacts 
ranging  from  the  development  of  new  polymer  blends  in  industrial  products  to 
the  production  of  medical  isotopes. 

In  addition,  the  Laboratory  also  operates  ShaRE  (Shared  Equipment  Research 
Program),  which  provides  U.S.  users  access  to  state-of-the-art  microanalytical 
facilities  for  materials  science  studies.  Over  300  external  users  have 
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participated  1n  this  program.  The  consequences  have  been  profound  for  our 
understanding  of  the  properties  and  processing  of  new  materials,  ranging  from 
metals,  ceramics,  and  polymers. 

The  High  Temperature  Materials  Laboratory  here  is  another  example  of  how  the 
Department  through  its  investments  in  the  National  Laboratories  brings  the 
results  of  fundamental  science  into  the  next  generation  of  technology.  The 
basic  properties  of  metal  aluminides  were  discovered  and  explored  here  at  Oak 
Ridge.  Through  joint  investments  by  the  Office  of  Energy  Efficiency  and 
Renewable  Energy,  the  Office  of  Energy  Research,  and  industry.  Oak  Ridge  has 
carried  out  collaborative  research  that  has  seen  these  versatile  materials 
used  in  products  ranging  from  turbine  rotors  to  medical  products.  Once  again 
this  is  an  example  of  the  kind  of  cross-institutional  and  cross-disciplinary 
collaborations  that  are  at  the  heart  of  DOE' s  investment  in  science  and 
technology. 

But  there  is  more.  Advances  in  "massively  parallel"  supercomputing  have 
enabled  scientists  at  the  Oak  Ridge  National  Laboratory,  in  conjunction  with 
colleagues  at  the  Sandia  National  Laboratory  and  the  Ford  Motor  Company,  to 
develop  an  automotive  crash  simulator  that  does  in  6  hours  what  once  took 
48  hours  to  do  on  a  conventional  supercomputer.  Such  work  presages  a  whole 
new  approach  to  a  wide  range  of  important,  but  until  now,  intractable 
commercial  applications,  like  weather  prediction  and  oil  and  gas  exploration. 

The  laboratory  has  also  played  an  important  role  in  the  Department's  efforts 
to  understand  the  consequences  of  energy  production  and  use  on  health  and  the 
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environment.  Liane  Russell  won  the  1994  Fermi  Award  for  her  work  at  Oak  Ridge 
National  Laboratory  on  the  genetic  effects  of  radiation.  This  research  led 
the  world  to  a  fuller  understanding  of  the  genetic  structure  of  mammals  and 
has  been  one  of  the  foundation  stones  of  the  human  genome  program.  Once 
again,  it  becomes  clear  how  the  basic  science  investment  in  unique  facilities 
and  scientific  teams  at  the  laboratories  enables  them  to  address  the  broad 
cross-disciplinary  problems  of  interest  to  industry  and  the  Nation. 

The  research  environment  within  these  facilities  demonstrate  strong 
Interrelations  between  basic  and  applied  research,  and  between  government  and 
private  sector  researchers.  Clean  lines  of  separation  between  science  and 
technology  cannot  be  made;  each  contributes  to  the  other.  The  same  holds  for 
the  relationship  between  laboratory  scientists  and  those  from  the  private 
sector,  where  each  is  contributing  to  the  goals  of  the  other. 

BALANCING  THE  BUOGET  WHILE  SUSTAINING  SCIENCE 

The  Nation  faces  a  daunting  challenge  in  its  efforts  to  reduce  the  federal 
budget  deficit.  The  Department  of  Energy  has  made  a  substantial  contribution 
toward  this  goal  through  its  plan  to  generate  SM.l  billion  in  deficit 
reduction  over  the  next  five  years  through:  the  privatization  of  functions 
which  more  properly  belong  in  the  private  sector,  such  as  the  Naval  Petroleum 
Reserves  and  three  Power  Marketing  Administrations  (deficit  reduction  of 
$5.3  billion);  major  restructuring  of  the  Environmental  Management  program 
(deficit  reduction  of  $4.4  billion);  reducing  the  cost  of  doing  business  at 
the  DOE  laboratories  through  implementation  of  recommendations  from  the  Galvin 
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Task  Force  Report  on  Alternative  Futures  for  the  DOE  National  Laboratories 
{$1.4  billion);  reductions  in  the  DOE  applied  energy  R&D  programs 
($1.2  billion);  sale  of  highly  enriched  uranium  ($0.4  billion);  and  strategic 
alignment  of  the  Department  ($1.7  billion). 

The  Department's  strategy  is  to  reduce  overhead  and  administrative  costs  to 
the  extent  possible  in  order  to  protect  funding  for  our  vital  national 
missions  in  national  security,  energy,  science  and  technology,  and 
environmental  cleanup.  Our  commitment  to  reduce  DOE  employment  by 
3,788  personnel  (27  percent)  over  the  next  five  years--announced  on  May  3, 
1995,  as  part  of  our  Strategic  Alignment  and  Downsizing  Initiative-- 
demonstrates  that  we  are  willing  to  make  substantial  cuts  in  the  apparatus  of 
the  Department  rather  than  to  cut  deeply  into  our  R&D  accounts.  Recent 
actions  within  the  Congress,  however,  suggest  that  valuable  R&D  programs 
throughout  the  Nation  may  soon  be  in  jeopardy. 

The  Fiscal  Year  1996  Budget  Resolution  adopted  by  the  U.S.  House  of 
Representatives  on  May  18,  1995,  included  recommendations  which,  if  enacted  in 
subsequent  Authorization  and  Appropriations  bills,  would  cut  $7  billion  from 
the  Department's  R&D  programs  over  the  next  five  years.  The  cuts  would  be 
particularly  severe  in  applied  R&D  in  the  areas  of  energy  efficiency,  which 
could  be  cut  by  as  much  as  80  percent,  and  fossil  energy,  which  would  be  cut 
by  77  percent.  The  Department's  renewable  energy,  fusion  energy,  basic  energy 
sciences,  and  biological  and  environmental  research  programs  would  also  be 
reduced  by  about  35  percent.  The  result  could  be  the  termination  of  contracts 
and  research  grants  which  the  Department  has  with  thousands  of  researchers 
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around  the  Nation  located  in  industry,  academia,  and  DOE  laboratories 
(including  Oak  Ridge  National  Laboratory). 

The  programs  hardest  hit  by  the  House  Budget  Resolution  are  those  involving 
industrial  partners  and  those  which  support  applied  research  and  technology 
development.  The  underlying  philosophy  appears  to  be  that  the  government 
should  stop  supporting  R&D  that  might  be  commercially- relevant,  on  the  grounds 
that  such  work  will  be  done  by  the  private  sector.  In  the  private  sector, 
however,  companies  currently  are  devoting  some  80  to  90  percent  of  their  R&D 
resources  to  short-term  product  development  and  process  improvements.  There 
exists  a  significant  and  growing  gap  in  the  innovation  process,  for  which 
government -industry  partnerships  play  a  vital  role.  Oak  Ridge  and  other  DOE 
laboratories  have  made  significant  progress  in  recent  years  in  developing  R&D 
partnerships  with  the  private  sector  that  are  helping  accelerate  the 
development  of  high-risk  technologies.  Such  efforts  may  be  in  serious 
jeopardy  aS  a  result  of  congressional  actions  on  the  Fiscal  Year  1996  budget. 


CONCLUSION 

Hr.  Chairman,  the  United  States  has  built  and  sustained  a  scientific 
enterprise  that  literally  is  unrivaled  in  the  world.  Although  the  direction 
and  potential  benefits  of  science  funding  are  not  always  predictable,  history 
teaches  us  that  our  investments  in  science  have  delivered  huge  returns. 
Qufistlohs  about  the  proper  role  of  government  are  central  to  the  current 
debate  over  how  to  reduce  the  federal  budget  deficit.  Regarding  science  and 
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technology,  it  is  wrong  to  thinic  that  these  are  separable.  Science  and 
technology- -discovery;  innovation;  use--are  inextricably  linked,  with  each 
contributing  to  the  advance  of  the  other.  Similarly,  researchers  within 
academia,  national  laboratories,  and  industry  must  be  interconnected.  The 
Nation  has  benefitted  substantially  through  enhanced  integration  of  R&D 
performers  from  the  public  and  private  sectors.  In  many  other  nations,  there 
is  virtually  no  debate  over  R&D  programs  that  facilitate  partnerships  between 
the  government  and  the  private  sector.  In  the  process  of  balancing  the 
federal  budget,  we  must  be  extremely  careful  not  to  jeopardize  R&D  investments 
that  will  sustain  U.S.  leadership  in  the  next  century.  We  welcome  your 
Subcommittee's  focus  on  a  long-term  national  science  strategy.  The  Clinton 
Administration  has  made  important  contributions  toward  the  establishment  of 
such  a  strategy.  He  look  forward  to  working  with  you  as  you  continue  to 
examine  these  issues. 
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Chairman  Steven  Schiff.  Thank  you  very  much,  Dr.  Krebs.  Dr. 
McTague,  please. 

TESTIMONY  OF  DR.  JOHN  McTAGUE,  VICE  PRESIDENT,  TECH- 
NICAL AFFAIRS,  FORD  MOTOR  COMPANY,  DEARBORN, 
MICHIGAN 

Dr.  John  McTague.  Mr.  Chairman,  members  of  the  Subcommit- 
tee, I'm  very  pleased  to  be  able  to  participate  with  you  here  today. 
I  was  also  pleased  by  the  Chairman's  opening  remarks  that  we 
take  the  reduction  in  the  deficit  over  the  next  several  years  as  a 
given.  I  think  along  with  that  given,  we  also  should  take  a  commit- 
ment to  avoid  such  deficits  in  the  long-term  as  part  of  our  given. 

It  seems  to  me  that  in  this  day  and  age,  no  one  would  deny  that 
science  and  technology  are  integral  to  the  strength  of  our  economy 
and  should  play  a  significant  role  in  addressing  the  avoidance  of 
deficits  in  the  long  run.  That's  easy  to  come  up  with;  the  hard  part 
is  to  come  up  with  a  strategy,  a  set  of  principals  that  will  maximize 
the  DOE's  science  and  technology  for  the  national  goals. 

What  should  the  Federal  Government  do?  Equally  important, 
what  should  it  not  do?  Whether  our  comparative  advantages,  and 
we've  heard  some  of  those  with  respect  to  basic  research,  what  are 
we  doing  well,  what  not  so  well?  What  should  we  strengthen,  and 
how?  And  what  should  we  eliminate?  Where  should  Government 
lead?  Where  should  it  be  a  partner  and  where  should  it  get  out  of 
the  way? 

As  you  address  these  issues,  I'd  like  to  give  you  some  of  my  own 
observations  based  on  having  been  a  university  professor,  having 
been  a  user  of  National  Laboratory  research  facilities,  and  having 
been  a  director  of  a  facility,  of  a  National  Laboratory  research  facil- 
ity, and  as  Vice-President  of  Technical  Affairs  of  a  major  auto- 
motive and  credit  company.  [Parties  laugh.]  But,  perhaps  of  more 
relevance  to  today  is  the  time  that  I  spent  as  a  Deputy  Director 
and  as  Active  Director  of  the  Ofiice  of  Science  and  Technology  Pol- 
icy during  both  terms  of  the  Reagan  Presidency. 

I  see  a  lot  of  parallel  between  the  evolution  of  the  Reagan  science 
and  technology  policy  in  the  '80's  and  today's  debates  and  actions, 
so  it  might  be  worth  looking  back  at  what  was  done  and  why,  and 
whether  the  lessons  bear  the  test  of  time. 

Some  of  the  choices  were  easy  and  were  made  early,  some  in- 
volved the  Federal  Government  getting  out  of  the  way,  and  some 
called  for  solid  support.  For  example,  markets,  stored  and  commer- 
cial demonstration  projects  such  as  coal  gassification,  shale  oil, 
were  ruled  out.  In  today's  language,  I  supposed  they  would  be  la- 
beled as  corporate  welfare  that  involved  the  Government  in  at- 
tempting to  pick  and  to  subsidize  the  near-term  commercial  tech- 
nologies. 

Another  easy  one  was  Federal  support  for  energy  and  basic  re- 
search. There  were  many  statements  as  to  why  the  Government 
did  this,  but  let  me  give  you  an  example  out  of  the  Federal  Budget 
Statement  for  1986  that  the  President  submitted  to  the  Congress: 

The  1986  budget  continues  this  Administration's  emphasis  on  the  importance  of 
support  for  basic  research,  plus  all  scientific  disciplines,  even  in  a  time  of  budget 
restraints.  Scientific  knowledge  in  fields  such  as  mathematics,  physics,  chemistry, 
biology,  and  the  various  engineering  disciplines  provides  the  foundation  for  long- 
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term   achievement  of  national   objectives,   a   strong  defense,   continued   economic 
growth,  and  an  enhanced  quaUty  of  life. 

Support  of  basic  research  continually  serves  to  strengthen  the  ability  of  the  Na- 
tion's research  scientists  to  conduct  high-quality  research  and  to  assist  in  educating 
the  next  generation  of  scientists  and  engineers. 

So  these  two  examples  set  the  extremes:  One,  support  basic  re- 
search as  well  as  its  role  in  training  and  educating  future  scientists 
and  engineers — the  private  sector  has  insufficient  incentives  to  do 
this  on  its  own;  two,  get  the  Government  out  of  the  way  of  and  out 
of  the  business  of  short-term  commercial  development.  Develop- 
ment should  be  supported  only  when  needed  for  such  Federal  roles 
as  national  security  of  states,  or  perhaps  the  market  forces,  are 
strongly  affected  by  Federal  regulation,  such  as  a  nuclear  power. 

Between  these  two  easily-articulated  extremes,  policy  evolved 
during  the  Reagan  Administration  in  the  areas  of  what  is  the  Fed- 
eral role  in  applied  research  and  technology,  if  any,  and  what  is  the 
degree  to  which  the  Federal  Government  should  encourage  com- 
mercial development  of  inventions  created  in  Federal  Laboratories, 
and  what  cooperative  R&D  activities  should  Federal  Laboratories 
engage  in  in  industry. 

Prior  to  the  1980's,  the  extensive  Federal  Laboratory  system  had 
focused  mainly  on  research  and  development  for  traditional  Federal 
missions,  such  as  national  security,  energy,  environment,  health, 
and  space.  All  along,  however,  it  was  acknowledged  that  some  of 
this  technology  could  spin  off  into  the  commercial  sector. 

For  instance,  the  Bayh-Dole  Act  of  1980  permitted  Government- 
owned/Government-operated  Laboratories  to  grant  exclusive  li- 
censes for  patents  that  it  created.  This  sort  of  technology  transfer 
is  sort  of  a  passive  program  of  the  transit  type.  Industry  over  the 
years  has  come  to  realize  that  that's  not  the  most  effective  way, 
and  that  a  more  cooperative,  hands-on  approach  produces  better  re- 
sults. 

An  important  step  towards  more  effective  implementation  of  Fed- 
erally-generated technology  was  the  Federal  Technology  Transfer 
Act  of  1986,  supported  by  the  Reagan  Administration.  This  policy 
was  that  it  is  the  continuing  responsibility  of  the  Federal  Govern- 
ment to  ensure  the  full  use  of  the  Nation's  Federal  investment  in 
research  and  development. 

To  this  end,  the  Federal  Government  shall  strive,  where  appro- 
priate, to  transfer  Federally-owned  or  -originated  technology  to 
state  and  local  governments  into  the  private  sector.  But  in  addi- 
tion, technology  transfer  consistent  with  laboratory  missions  is  the 
responsibility  of  each  Laboratory  scientist  and  engineer,  not  just  a 
passive  process. 

President  Reagan  carried  this  further  on  December  22nd,  1987, 
when  he  issued  his  Executive  Order  Number  12591,  Facilitating 
Access  to  Science  and  Technology.  His  Order  reads  in  part: 

In  order  to  ensure  that  Federal  agencies  and  Laboratories  assist  universities  and 
the  private  sector  in  broadening  our  technology  base  by  moving  knowledge  to  the 
development  of  new  products  and  new  processes,  it  is  hereby  ordered  as  follows: 

Each  executive  agency  and  department,  to  the  extent  permitted  by  law,  shall  en- 
courage and  facilitate  collaboration  among  Federal  Laboratories,  state  and  local  gov- 
ernments, universities,  and  the  private  sector,  particularly  small  business,  in  order 
to  assist  in  the  transfer  of  technology. 
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As  in  the  private  sector,  the  Federal  Government  has  reaHzed 
that  two-way,  hands-on  cooperation  is  by  far  the  best  way  to  trans- 
fer technology.  Over  the  years,  these  cooperative  R&D  interactions 
have  evolved  and  matured.  As  they  have  evolved  and  matured,  an- 
other cost-free  benefit  has  appeared:  in  many  cases,  a  cooperative 
activity  has  resulted  not  only  in  more  effective  commercial  imple- 
mentation, but  it  has  also  strengthened  the  capability  of  the  Fed- 
eral Laboratories  to  perform  their  traditional  core  missions. 

While  this  is  just  a  short  snapshot  of  the  evolution  of  R&D  policy 
in  the  Reagan  Administration — consisting  of  three  parts — one,  sup- 
port for  basic  research;  two,  avoid  market-distorted  short-term 
commercial  development  and  demonstration  projects;  three,  engage 
in  generic  technology  cooperation,  both  to  make  commercialization 
of  Federal  technology  more  effective,  and  to  improve  the  effective- 
ness of  the  Federal  technology  base  for  traditional  Federal  mis- 
sions, it  seems  to  me  that  the  Reagan  policies  stood  well  over  time, 
and  can  serve  as  useful  guideposts  for  today.  Thank  you.  [Audience 
applauds.] 

[The  prepared  statement  of  Dr.  McTague  follows:] 
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Mister  Chairman  and  Members  of  the  Subcommittees,  thank  you  for  the  opportunity 
to  participate  with  you  in  this  most  timely  hearing.  As  this  nation  appropriately  and 
necessarily  Institutes  actions  to  reduce  and  eliminate  the  existing  federal  deficit  for  the 
immediate  future,  it  is  equally  important  for  ourselves  and  our  children  that  we  address 
the  most  effective  means  to  avoid  such  deficits  In  the  long  run,  in  this  day  and  age. 
few  would  deny  that  science  and  technology  are  integral  to  the  strength  and  growth 
of  the  economy  and  to  improvements  in  the  quality  of  life  and  national  security. 

This  obsen/atlon  Is  the  easy  part.  The  tough  one  is  devising  a  set  of  principles  and 
actions  to  maximize  the  leverage  of  science  and  technology  for  national  goals,  what 
should  the  federal  government  do?  Equally  important,  what  should  it  not  do?  What 
are  our  comparative  advantages?  What  are  we  doing  well,  what  not  so  well?  what 
should  we  strengthen,  and  how,  and  what  should  we  eliminate?  where  should 
government  lead,  where  should  it  be  a  partner,  and  where  should  It  get  out  of  the 
way? 

As  you  in  the  congress  and  the  nation  as  a  whole  address  these  issues,  I  would  like 
to  offer  some  personal  otjservations  based  on  my  experiences  as  a  university 
researcher,  as  a  user  of  and  later  a  director  of  national  laboratory  research  facilities, 
and  as  vice  president  of. technical  affairs  in  a  major  industrial  corporation.  Perhaps 
more  relevant,  however,  was  my  time  spent  as  deputy  director  and  acting  director  of 
the  Office  of  Science  and  Technology  Policy  during  both  terms  of  the  Reagan 
Presidency. 
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There  Is  considerable  parallel  between  the  evolution  of  the  Reagan  science  and 
technology  policy  in  the  1 960's  and  today's  debates  and  actions.  So  it  might  be  worth 
looking  at  what  was  done  and  why. 

Some  choices  were  easy,  and  were  made  early.  Some  involved  the  federal 
government  getting  out  of  the  way,  and  some  called  for  solid  support.  Market 
distorting  commercial  demonstration  projects,  such  as  coal  gasification  and  shale  oil, 
were  ruled  out.  In  today's  language,  I  suppose  that  they  would  be  described  as 
corporate  welfare,  and  involved  the  government  In  attempting  to  pick,  and  subsidize, 
near-term  commercial  technologies. 

Another  easy  one  was  federal  support  for  and  nurturing  of  basic  research.  The 
rationale  for  this  support  was  summarized  annually  in  the  Special  Analyses  of  the 
Budget  of  the  United  States  Government,  submitted  to  the  Congress  with  the 
President's  Budget.   Here  Is  a  typical  example,  from  fiscal  year  1986: 

'The  1986  budget  car\tinues  this  Administration's  emphasis  on  the  Importance  of 
support  for  basic  research  across  all  scientific  disciplines  even  in  a  time  of  budget 
restraint.  Scientific  knowledge  in  fields  such  as  mathematics,  physics,  chemistry, 
biology  and  the  various  engineering  disciplines  provides  the  foundation  for  long-term 
achievement  of  national  objectives  of  a  strong  defense,  continued  economic  growth, 
and  an  enhanced  quality  of  life." 
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"Support  of  basic  research  particularly  serves  to  strengthen  the  ability  of  the  nation's 
research  scientists  to  conduct  high-quality  research  and  to  assist  in  educating  the  next 
generation  of  scientists  and  engineers.  University-based  researchers  receive  about 
half  of  the  total  Federal  obligation  for  basic  research  and  provide  the  critical  element 
of  education  to  maintain  a  vigorous,  first-class  scientific  and  technical  pool." 
(FY  1986  Special  Analysis  K,  pp  K-4  &  K-5). 

These  two  policies  set  the  extremes: 

1 .  Support  basic  research  as  well  as  Its  role  In  training  and  educating  future 
scientists  and  engineers.  The  private  sector  has  insufficient  incentives  to  do  this 
on  its  own. 

2.  Get  the  federal  government  out  of  the  way  of,  and  out  of  the  business  of,  short- 
term  commercial  development.  Development  should  be  supported  only  when 
needed  for  such  federal  roles  as  national  security  or  space,  or  perhaps  when 
market  forces  are  strongly  affected  by  federal  regulation,  e.g.,  nuclear  power. 

Between  these  two  extremes,  policy  evolved  during  the  Reagan  administration  In  two 
main  areas.  One  was  the  appropriate  role  of  the  federal  government  In  applied 
research  and  technology.  The  second  was  the  degree  to  which  the  federal 
government  should  encourage  commercial  development  of  inventions  created  in 
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federal  laboratories,  and  what  cooperative  R&D  activities  should  federal  laboratories 
engage  in  wtth  private  industry. 

The  ejrtensive  federal  laboratory  system  had  focused  mainly  on  research  and 
development  for  such  federal  missions  as  national  security,  energy,  environment, 
national  health,  and  space.  All  along.  It  was  realized  that  some  of  this  technology 
could  "spin  off'  into  the  commercial  sector  For  instance,  the  Bayh-Dole  Act  of  1980 
permitted  government-owned,  government-operated  laboratories  to  grant  exclusive 
licenses  to  patents. 

This  sort  of  technology  transfer  is  of  the  passive,  sequential,  'Ihrow  it  over  the  transom" 
type.  Industry,  over  the  years,  has  come  to  realize  that  this  is  a  very  Inefficient 
process,  and  that  a  more  hands-on,  cooperative  approach  produces  better  results. 
An  important  step  towards  more  effective  Implementation  of  federally  generated 
technology  was  the  Federal  Technology  Transfer  Act  of  1986,  whose  stated  policy  was: 

"  (1)  ft  is  the  continuing  responsibility  of  the  Federal  Government  to 
ensure  the  full  use  of  the  results  of  the  Nation's  Federal 
investment  In  research  and  development.  To  this  end  the  Federal 
Government  shall  strive  where  appropriate  to  transfer  federally 
owned  or  originated  technology  to  State  and  local  governments 
and  to  the  private  sector. 
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(2)  Technology  transfer,  consistent  with  mission  responsibilities,  is  a 
responsibility  of  each  laboratory  science  and  engineering 
professional." 

President  Reagan  carried  this  further  on  December  22,  1987,  when  he  issued 
Executive  Order  No,  12591,  "Facilitating  Access  to  Science  and  Technology."  This 
Order  reads,  in  part: 

"...  in  order  to  ensure  that  Federal  agencies  and  laboratories  assist 
universities  and  the  private  sector  in  broadening  our  technology  base  by 
moving  new  knowledge  into  the  development  of  new  products  and  processes, 
it  is  hereby  ordered  as  follows: 

...  (a)  The  head  of  each  Executive  department  and  agency,  to  the  extent  permitted 
by  law,  shall  encourage  and  facilitate  collaboration  among  Federal 
laboratories,  State  and  local  governments,  universities,  and  the  private 
sector,  particularly  small  business,  in  order  to  assist  In  the  transfer  of 
technology  to  the  marketplace. 

(b)  The  head  of  each  Executive  department  and  agency  shall,  within  overall 
funding  allocations  and  to  the  extent  permitted  by  law: 

(1)  delegate  authority  to  its  government-owned,  government-operated  Federal 
laboratories: 
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(A)  to  enter  into  cooperative  research  and  development  agreements  with  other 
Federal  laboratories.  Stats  and  local  governments,  universities,  and  the 
private  sector ..." 

As  In  the  private  sector,  the  federal  government  had  realized  that  two-way,  hands-on 
cooperation  is  by  far  the  best  way  to  transfer  technology. 

Over  the  years,  as  these  cooperative  R&D  interactions  have  evolved  and  matured, 
another  cost-free  benefit  has  appeared.  In  many  cases  the  cooperative  activity  has  not 
only  resulted  in  more  effective  commerciaJ  implementation,  but  it  has  also  strengthened 
the  capability  of  the  federal  laboratories  to  perform  their  traditional  core  missions. 

This  is  just  a  short  snapshot  of  the  evolution  of  R&D  policy  in  the  Reagan 
administration: 

1 .  Support  for  basic  research 

2.  Avoid  market  distorting,  short-term  commercial  development  and  demonstration 
projects. 

3.  Engage  in  generic  technology  cooperation  both  to  make  commercialization  of 
federal  technology  more  effective  and  to  improve  the  effectiveness  of  the  federal 
technology  base  for  traditional  federal  missions. 
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It  seems  to  me  that  these  policies  have  stood  well  over  time,  and  can  sen/e  as  useful 
guldeposts  for  today. 

Thank  you. 
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Chairman  Steven  Schiff.  Thank  you  very  much,  Dr.  McTague. 
Dr.  Trivelpiece,  please. 

TESTIMONY  OF  DR.  ALVIN  TRIVELPIECE,  DIRECTOR,  OAK 
RIDGE  NATIONAL  LABORATORY,  OAK  RIDGE,  TENNESSEE 

Dr.  Alvin  Trivelpiece.  Mr.  Chairman,  members  of  the  Sub- 
committee, Marilyn,  it  is  a  pleasure  to  have  the  opportunity  to  ap- 
pear before  you  and  testify  in  this  interesting  subject  today.  I  want 
to  take  the  opportunity  to  thank  you  for  doing  so.  I  think  perhaps 
something  that  many  members  of  the  audience  don't  appreciate  is 
just  how  rare  a  field  hearing  is.  You  touched  on  that  a  little  bit  and 
I  certainly  appreciate  that  you  do  it. 

I  also  want  to,  on  behalf  of  everyone  in  the  Third  District  here, 
thank  Representative  Wamp  for  having  the  tenacity  and  the  initia- 
tive to  get  all  this  started,  and  you  for  allowing  the  hearing  to  take 
place.  But  perhaps  even  more  for  the  audience's  benefit  here  in  the 
hearing  room,  it's  also  unusual  for  advice  and  consent  of  appointees 
to  accept  invitations  to  go  out  of  town  and  appear  before  a  field 
hearing.  So  I  want  to  thank  my  colleagues  here  on  the  panel  for 
taking  the  time  to  accept  your  invitation  to  come  to  this  hearing. 
So  I  think  it's  quite  an  unusual  opportunity  and  I  appreciate  the 
chance  that  we  have  to  discuss  this  subject  today. 

I'd  like  to  begin  by  reminding  everyone  that  Robert  Solow,  Pro- 
fessor at  MIT,  got  the  Nobel  Prize  a  few  years  ago  for  a  rather  in- 
teresting pronouncement — namely,  that  science  and  technology  are 
the  engines  for  an  economy,  much  more  so  than  in  capital  forma- 
tion. Now,  the  reason  that  that's  interesting  is  that,  scientist  or  en- 
gineer, one  wonders  what  took  the  economists  so  long  to  figure  that 
out.  [Parties  laugh.]  I  think  the  engineers  knew  this  all  along 
somehow,  and  we  wonder  why  people  don't  pay  more  attention  to 
that. 

So,  with  that  in  mind,  then,  I'm  somewhat  troubled  by  the  debate 
that  seems  to  be  taking  place  on  controlling  the  deficit  in  a  way 
which  might  have  the  consequence  of  dismantling,  or  substantially 
altering  in  a  negative  way,  some  of  the  science  and  technology  ap- 
paratus of  the  United  States.  And  so  I  kind  of  welcome  this  oppor- 
tunity to  defend  this. 

But  I  am  keenly  aware  of  the  need  to  try  to  control  the  deficit. 
But  in  the  language  of  an  injunction,  one  needs  to  make  sure  you 
don't  do  any  immediate  and  irreparable  harm  to  the  system,  you 
need  to  preserve  what  it  is  that  is  appropriate.  So  what  is  appro- 
priate? Well,  science  and  technology  is  easy  to  kill;  it's  hard  to  re- 
store it.  You  take  these  institutions  and  major  programs  they  rep- 
resent out  of  existence,  you'll  find  it  very  difficult  to  put  them  back 
in  place. 

To  that  extent,  what  does  that  action  say  to  the  young  people  of 
this  Nation,  whom  I  and  many  others  have  donated  lots  of  hours 
of  our  time  to  serve  on  various  committees  related  to  it — Goals 
2000,  America  2000,  Mathematical  Science  and  Education  Board, 
and  things  like  that.  That  we're  trying  to  encourage  them  to  con- 
sider pursuing  careers  in  math,  science,  and  engineering  for  the 
benefit  of  this  country,  and  then  we  take  steps  that  cause  the  very 
facilities  which  many  of  them  have  counted  on  being  there  when 
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they  receive  their  degrees — we're  taking  steps  that  may  cause  some 
of  them  to  go  out  of  existence.  That  kind  of  troubles  me. 

So,  let  me  sort  of  pose  a  way  by  which  we  might  discuss  this.  The 
first  is,  what's  the  difference  between  a  winning  strategy  and  a  de- 
fensive strategy?  Well,  every  weekend  there's  some  major  sporting 
event  going  on  in  this  country,  and  on  Monday  morning  there's  a 
clutch  of  people  who  comment  on  it.  And  in  the  course  of  their  com- 
ments they  say,  "Well,  golly,  they  were  ahead  and  they  sat  on  their 
lead  and  they  lost.  If  they  had  only  continued  to  pursue  a  winning 
strategy."  You  know,  any  Monday  morning  you  have  hundreds  of 
these  types  of  comments. 

But,  what  does  that  mean  to  the  situation  we're  talking  about 
here  today?  Well,  suppose  that  you  had  the  idea  of  a  tariff  as  a 
trade  barrier;  is  that  a  winning  strategy  or  a  strategy  that  seeks 
to  prevent  loss?  Well,  I  think  it's  one  that  seeks  to  prevent  loss.  I 
prefer  to  engage  in  an  activity  that  seeks  to  win. 

So  what  are  the  things  that  seek  to  win?  Well,  in  my  view,  sup- 
porting science  and  technology  in  the  United  States  is  a  strategy 
that  seeks  to  win,  rather  than  one  that  seeks  to  prevent  loss.  So, 
if  you  have  that  in  mind,  then  let  me  ask  you  to  imagine  how 
would  you  go  about  assessing  what  we've  done,  what  we  might  do. 

I  like  to  use  the  idea  of  an  interview — what  do  you  do  in  an 
interview?  Well,  you  want  to  know  two  things  if  you're  interviewing 
somebody  for  a  job.  So,  suppose  you  were  interviewing  the  DOE 
Labs  for  a  job,  what  would  you  want  to  know?  "What  have  you 
done,  and,  what  can  you  do?"  Well,  "what  have  you  done," — I  could 
spend  a  lot  of  time  talking  about  it — and  to  some  extent,  some  of 
my  colleagues  here  already  have,  and  certainly  the  brief  lecture  by 
Dr.  Appleton  and  Clifford  Shull,  Nobel  Laureate,  have  talked  about 
what  we've  done.  And  here  are  many  things. 

But  let  me  skip  past  that  and  say  about  the  "what  can  you  do", 
how  would  you  go  about  deciding  what  can  you  do?  One  way  is  to 
imagine  the  year  2030,  just  pick  some  distant  time  out  there,  and 
suppose  that  in  the  year  2030,  you  could  go  in  and  have  a  drop  of 
blood  taken  from  you,  and  that  drop  of  blood  could  then  be  ana- 
lyzed and  quickly  determine  what  your  whole  genetic  map  is.  And 
from  that,  probably  what's  wrong  with  you.  Ajid  from  that,  prob- 
ably the  medicine  that  you  need,  and  have  a  super  computer  de- 
velop the  medicine,  if  it  didn't  exist,  and  provide  it  to  the  pharmacy 
as  you  leave  the  hospital  or  doctor's  office. 

That's  kind  of  far-fetched,  but  there  are  a  bunch  of  other  exam- 
ples like  that  that  I,  kind  of  flight  of  fancy,  included  in  my  pre- 
pared remarks.  But,  could  those  things  happen?  Yeah,  some  of 
them  could  happen.  What  could  you  guarantee?  Well,  you  can  guar- 
antee that  if  you  don't  do  some  of  the  work,  these  things  won't  hap- 
pen. 

And  so,  what  are  the  tools  by  which  you're  going  to  cause  that 
to  occur?  Well,  the  tools  are  the  kind  of  things  that  my  colleagues 
here  have  discussed  already — universities,  industry.  National  Lab- 
oratories, and  the  sound  policy  of  investment.  So  maybe  in  the 
process  of  controlling  the  deficit,  you  should  consider  looking  out- 
side those  cuts  of  science  programs  in  the  country. 

Maybe  there  are  things  that  are  in  the  national  scene  less  valu- 
able to  us  if  we're  to  have  a  future  in  which  we  have  unlimited 
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clean  water,  unlimited  energy,  or  other  kinds  of  things  that  we 
might  consider  being  very,  very  desirable.  Can  we  get  there?  Pos- 
sibly. And  I  think  it's  worth  taking  a  shot  at.  And  that,  to  me,  is 
the  winning  strategy;  is  to  set  in  place  the  actions  that  would  cause 
that  to  occur. 

So,  this  institution  here  at  Oak  Ridge,  as  well  as  other  Labora- 
tories and  universities,  have  a  key  role  to  play  in  that,  as  does  in- 
dustry. And  I  would  hope  that  the  Nation  would  try  to  make  a  bal- 
anced investment  in  those  things. 

Since  this  is  my  home  turf,  I  can't  resist  being  briefly  parochial. 
And  to  that  extent,  I  would  like  to  thank  Dr.  Krebs  for  having 
taken  the  effort  to  cause  the  President's  budget  to  have  an  element 
in  it  that  requests  this  pulse  spallation  source  for  Oak  Ridge  Na- 
tional Laboratory  as  the  next  neutron  science  facility.  I  think  that's 
very  important. 

I  realize  that  this  is  a  difficult  period  in  which  to  talk  about 
building  such  a  facility,  the  total  construction  cost  of  which  may 
come  to  a  billion  dollars.  However,  it  is  the  kind  of  investment  that 
I  think  is  valuable,  it's  exactly  what  we've  been  talking  about  here 
today.  So  I  want  to  take  this  occasion  publicly  to  thank  Martha  for 
her  support,  and  hope  that  in  the  process  of  the  hearings  during 
this  year  that  the  Congress  is  able  to  allow  this  project  to  continue 
in  such  a  way  that  it  can  become  reality  somewhere  in  the  future. 
Thank  you,  Mr.  Chairman.  [Audience  applauds.] 

[The  prepared  statement  of  Dr.  Trivelpiece  follows:] 
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Mister  Chairman  and  Members  of  tlie  Subcommittees,  tliank  you  for  taking  time  from  your  busy 
schedules  to  hold  this  hearing  in  Oak  Ridge.  It  gives  us  a  wonderful  opportunity  to  discuss  our 
nation's  science  and  technology  needs  in  the  21st  century.  I  am  honored  and  pleased  to  have 
been  invited  to  testify  before  this  Subcommittee  to  present  my  views  on  the  subject  of  the 
Federal  government's  role  in  a  long  term  science  strategy  for  the  nation.  Although  the 
viewpoints  I  will  provide  today  are  largely  my  own,  I  have  solicited  the  views  of  the  directors  of 
the  other  Department  of  Energy  (DOE)  national  laboratories  and  several  of  my  colleagues.  1  also 
want  to  congratulate  Representative  Wamp  for  his  initiative,  enthusiasm,  and  dedication  that 
brought  about  this  Summit  on  Science,  Environment  and  Technology.  It  provides  a  great 
opportunity  to  highlight  the  kinds  of  science  and  technology  that  are  important  not  just  to  this 
region  and  the  facilities  that  are  sited  here,  but  also  to  the  nation.  In  addition,  it  allows  us  to  call 
attention  to  the  pivotal  role  that  science  and  technology  play  in  many  aspects  of  our  everyday 
lives.  In  this  period  of  budgetary  stringencies,  it  is  imperative  to  know  what  the  benefits  and 
consequences  are  when  federal  programs  are  reduced  or  modified.  Many  of  the  changes  being 
considered  will  cause  immediate  and  irreparable  harm  to  science  and  technology  programs  that 
are  imponant  to  our  nation.  Such  changes  should  not  be  made  blindly.  I  hope  that  the  activities 
associated  with  this  Sunamit  help  shed  light  on  the  pros  and  cons  of  some  of  the  proposed 
changes  in  panicular  elements  of  the  government's  science  and  technology  programs. 

It  has  been  said  many  times,  in  many  ways,  that  World  War  II  forever  changed  the  way  that  we 
did  many  things.  That  is  certainly  true  of  the  research  and  development  enterprise  in  the  United 
States  and  around  the  world.  As  a  result  of  the  war  time  effons,  the  model  of  a  single  professor 
working  with  a  few  graduate  students  in  isolation  at  a  university  was  replaced  by  an  approach 
that  involved  teams  of  scientists  and  engineers  working  in  a  collaborative  manner  on  a  common 
problem  or  set  of  problems.  The  development  of  nuclear  weapons  and  radar  are  two  of  the  most 
dramatic  examples  growing  out  of  the  WW  II  experience.  One  of  the  principal  entities  that  was 
caused  by,  and  initiated  much  of,  the  change  in  the  way  that  research  was  conducted  was  the 
Atomic  Energy  Commission  (AEC),  which  was  created  in  1947.  It  in  turn  became  the  Energy 
Research  and  Development  Administration  (ERDA)  in  1976,  followed  shortly  thereafter  by  the 
establishment  of  the  DOE  in  1977.  These  entities  have  fostered  and  supported  a  superb  system 
of  national  laboratories,  a  collection  of  imaginative  educational  programs,  and  programs  of 
outstanding  research  at  our  universities. 

From  their  beginnings,  the  DOE  national  laboratories  have  been  leaders  in  using  a 
multidisciplinary  approach  to  solve  large,  complex  scientific  and  technical  problems.  These 
laboratories  have  created  and  developed  unique  facilities  and  instrumentation  for  attacking 
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Suppose  that  the  national  laboratories  were  applying  for  a  job,  and  that  you  were  the  interviewer 
for  your  company  or  institution.  What  would  you  want  to  know  about  us?  Usually  most 
interviews  boil  down  to  just  two  questions.  What  have  you  done?  What  can  you  do?  Using  the 
Hearing  Chaner  as  a  guide,  I  would  like  to  provide  a  partial  answer  to  these  questions  as  they 
pertain  to  the  DOE  national  labs. 

The  first  of  the  interviewer's  questions  is,  "What  have  you  done?" 

I  could  list  the  individuals  who  have  received  Nobel  prizes  for  work  done  that  involved  some 
aspect  of  a  project  at  one  of  the  labs.  You  have  just  heard  from  one  of  them.  Professor  Clifford 
Shall.  It  is  easy  to  see  that  what  he  did  many  years  ago  has  had  a  profound  effect  on  many  areas 
of  today's  science  and  technology.  No  one  would  question  the  value  of  the  investment  that  made 
it  possible  for  him  and  his  colleagues  to  do  their  seminal  work.  I  could  list  many  other  technical 
accomplishments  of  a  similar  nature,  but  these  have  been  written  about  extensively  and  there 
isn't  time  to  discuss  them  here.  Rather,  I  want  to  go  over  a  few  items  that  help  set  the  stage  for 
suggesting  how  we  might  be  more  useful  as  a  set  of  laboratories  to  the  nation. 

Originally  established  to  support  our  country's  research  and  development  efforts  during  the 
Manhaiiun  Project,  the  DOE  national  laboratories  have  evolved  into  broadened  missions  in 
response  lo  national  needs.  The  goal  of  the  Manhattan  Project  was  to  harness  nuclear  energy  and 
use  II  to  create  nuclear  weapons.  Along  with  this  goal  came  the  need  to  understand  the 
biological  effects  of  ionizing  radiation  and  the  possible  benefits  to  humans  from  nuclear 
maienals.  From  this  beginning,  the  biological,  environmental,  and  health  programs  expanded  to 
cover  all  forms  of  energy  production.  A  significant  outgrowth  of  this  program  was  the 
development  of  medical  radioisotopes.  This  development  set  off  a  collection  of  activities  that 
led  to  the  creation  of  the  field  of  nuclear  medicine,  the  development  of  flow  cytometry,  and 
research  on  the  efforts  to  map  the  human  genome.  It  is  estimated  that  each  year  more  than 
100  million  Americans  receive  diagnosis  or  therapy  using  some  aspect  of  nuclear  medicine.  The 
value  of  the  role  of  isotopes  to  the  world  is  well  stated  in  a  remark  made  by  an  earlier  director  of 
the  Oak  Ridge  National  Laboratory  (ORNL),  Dr.  Alvin  Weinberg.  He  said,  "If  at  some  time  a 
heavenly  angel  should  ask  what  the  laboratory  in  the  hills  of  East  Tennessee  did  to  enlarge  man's 
life  and  make  it  better,  I  daresay  the  production  of  radioisotopes  for  scientific  research  and 
medical  treatment  will  surely  rate  as  a  candidate  for  the  very  first  place."  I  believe  that  the  value 
to  the  world  in  terms  of  the  knowledge  gained  from  the  use  of  stable  and  radioactive  isotopes  has 


57 


The  things  that  they  leam  make  them  better  trained,  and  I  believe  that  some  of  them  gain  specific 
knowledge  that  they  may  use  later  in  their  careers.  This  is  every  bit  as  much  technology  transfer 
as  a  patent  or  a  publication.  Over  24,000  precollege  students  visit  ORNL  annually,  and  other 
DOE  labs  have  similar  experience  with  their  precollege  visitors.  The  same  benefit  to  the  general 
circumstance  of  tech  transfer  is  obtained  by  the  Department's  many  programs  for  undergraduate 
and  graduate  students,  some  of  which  date  back  almost  to  the  beginnings  of  the  DOE  nationail 
laboratories.  DOE  is  not  in  the  education  business  and  does  not  compete  with  academic 
institutions  in  any  way.  It  would  be  shamefial  not  to  use  the  resources  of  the  Department  to  give 
some  of  our  students  the  opportunity  to  participate  in  programs  that  give  them  a  better  grasp  of 
what  science  and  technology  are  all  about.  I  want  to  take  this  opportunity  to  congratulate 
Secretaries  of  Energy  Herrington,  Watkins,  and  O'Leary,  for  their  strong  encouragement  of 
education  programs  at  the  DOE  national  laboratories.  Without  their  support  it  would  be  much 
more  difficult  to  have  our  facilities  used  give  some  of  our  young  people  some  exposure  to 
working  scientists  and  engineers,  and  as  a  result,  perhaps  inspire  some  of  them  to  pursue  careers 
in  these  fields  of  study. 

Now  let  us  turn  to  the  other  aspect  of  an  interview. 

What  can  we  do? 

To  answer  this  question,  it  is  necessary  to  first  speculate  on  what  might  need  to  be  done.  I  ask 
you  to  join  me  in  a  flight  of  fancy  and  try  to  imagine  what  the  world  might  be  like  in  the  year 
2030.  What  kind  of  a  world  might  we  like  to  have  our  children  inherit?  What  kind  of  a  world 
could  ii  be  if  we  do  the  right  things? 

For  instance: 

Imagine  that  in  2030  genetic  diseases  are  curable.   Through  knowledge  of  the  genetic  code,  a 

single  drop  of  blood  is  used  to  diagnose  an  illness  and  design  an  individual's  unique  treatment. 

A  supercomputer  tailors  the  medicines  to  the  specific  needs  of  the  patient  and  causes  them  to  be 

produced,  if  they  are  not  already  off-the-shelf  items. 

Imagine  that  in  2030  energy  supplies  are  increasingly  non-depletable  and  secure. 

Imagine  that  in  2030  poverty,  terrorism,  and  threats  of  war  are  small,  that  the  economic  gap 
between  developed  and  developing  countries  is  closing  with  population  stabilization  due  to 
sustainable  economic  development. 
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almost  certainly  be  more  expensive  and  less  effective  in  the  long  run.  One  thing  seems  clear, 
without  better  science  and  technology  we  won't  achieve  desirable  goals  for  2030.  We  will  not 
succeed  without  a  systematic  effort  to  know  more  about  the  problems  that  we  face,  although  at 
times  I  suspect  that  some  people  believe  that  we  shouldn't  advance  the  state  of  our  knowledge  in 
science  and  technology. 

Now  I  would  like  to  address  the  questions  posed  in  the  Hearing  Charter. 
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Nonetheless,  the  labs  should  not  be  converted  into  job  shops  that  have  as  a  principal  task  the 
requirement  of  servicing  industry.  In  this  regard,  the  GaJvin  Task  Force  is  correct  in  making  the 
recommendation  that  economic  competitiveness  should  not  be  a  primary  mission  of  the  DOE 
national  laboratories.  Collaborations  with  industry  and  universities  should  be  viewed  as 
resulting  from  the  labs'  missions,  but  they  should  not  be  a  primary  lab  mission.  Through  their 
partnerships  with  industry,  the  Department's  national  laboratories  help  maximize  the  value  of  the 
public  investment  by  increasing  the  prospects  of  getting  taxpayer-financed  innovations  to  the 
marketplace.  Technology  transfer  takes  many  forms.  Technology  developed  through  CRADAs 
is  but  one  of  them.  The  publication  of  research  results  in  scientific  journals  is  another  form  -  one 
that  I  believe  is  less  appreciated.  DOE's  research  and  development  efforts  that  are  published 
should  be  available  to  anyone  who  chooses  to  read  the  scientific  literature  and  take  advantage  of 
the  research.  There  is  concern  that  other  nations  gain  by  our  openness.  This  is  undoubtedly  true, 
but  our  collective  failure  to  capitalize  on  the  results  that  we  produce  should  not  be  a  prime 
argument  for  turning  off  the  research  enterprise  that  produces  innovation  or  new  knowledge. 

Many  of  the  technology  successes  that  have  grown  out  of  the  national  laboratories  have  their 
origins  in  their  science  programs.  I  would  like  to  give  two  examples  that  illustrate  a 
circumstance  where  the  successful  outcome  of  energy  efficiency  projects  was  based  on  some 
aspect  of  fundamental  science. 

Alternative-fuel  vehicles  offer  both  potentially  lowered  emissions  and  freedom  from  dependence 
on  petroleum  for  transportation.  These  vehicles  can  be  powered  by  alcohol  fuels  that  are 
converted  from  biomass  -  plant  matter  such  as  stems  or  branches.  ORNL  manages  DOE's 
Biolucls  Feedstock  Development  Program,  a  national  program  for  the  development  and 
demonstration  of  commercially  viable  biomass  supply  systems.  This  program  is  done  in  close 
coordmaiion  with  the  National  Renewable  Energy  Laboratory,  which  is  developing  new 
processes  for  converting  plant  biomes  to  fuels.  The  research  program  involves  universities,  the 
U.S.  Department  of  Agriculture,  and  industry  collaborators.  Contributing  to  the  foundation  for 
this  effon  is  the  science  supported  by  the  DOE  Office  of  Health  and  Environmental  Research  on 
global  climate  change.  By  studying  the  basic  response  of  plants  to  the  stresses  of  the 
environment,  it  is  possible  to  determine  the  effects  of  global  climate  change  and  why  plants 
exhibit  pest,  disease,  or  drought  tolerance.  These  results  can  then  be  used  by  the  Biofuels 
Program  to  develop  increased  yields.  This  activity  is  a  result  of  natural  collaboration  by  which 
the  various  parties  felt  that  they  could  make  better  progress  by  so  doing,  and  not  the  result  of  a 
high-level  policy  decision  that  mandated  collaboration  between  these  specific  entities. 
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One  indication  of  new  ideas  and  innovation  is  the  recognition  received  for  technical  usefulness, 
importance,  and  uniqueness.  Every  year,  R&D  Magazine  honors  the  top  100  innovations  in 
applied  science  by  presenting  its  R&D  100  Awards.  Recognized  widely  as  a  symbol  of 
excellence,  the  awards  are  pursued  by  universities,  national  research  facilities,  and  private 
industries  worldwide.  Extremely  diverse,  these  projects  are  cited  for  significant  advancements  in 
such  fields  as  medicine,  environmental  science,  advanced  materials,  and  analytical 
instrumentation.  In  1994,  the  DOE  received  28  R&D  100  Awards  for  an  all-time  total  of  392. 
ORNL  ranks  fourth  among  institutions  in  the  all-time  competition,  with  74  awards  won  since 
1967. 

One  of  the  criteria  for  judging  basic  and  applied  research  activities  is  excellence,  the  same 
standard  that  is  used  at  evaluating  research  and  teaching  at  universities  and  other  institutions. 
National  laboratories  have  much  in  common  with  universities  because  graduate  education  is  an 
important  element  at  both  institutions.  Some  national  laboratories,  like  Lawrence  Berkeley 
Laboratory  (LBL),  are  integrally  connected  with  institutions  like  the  University  of  California.  At 
other  laboratories,  such  as  ORNL,  the  cooperation  with  institutions  such  as  The  University  of 
Tennessee  is  not  as  great  but  is  still  significant.  The  National  Science  Foundation  (NSF)  issues 
an  annual  report  detailing  the  financial  support  provided  to  universities'  external  research  and 
development  efforts.  The  latest  report  indicates  DOE  support  to  universities  totals  about 
S700  million.  Unfortunately,  this  number  excludes  the  support  provided  by  the  national 
laboratories  to  the  university  community.  This  support,  when  combined  with  the  direct  DOE 
grams,  totals  well  over  SI  billion.  But  even  this  total  does  not  take  into  account  the  work  done  at 
institutions  such  as  Fermi  National  Accelerator  Laboratory,  which  exists  primarily  to  serve 
research  thai  is  initiated  at  universities  and  other  labs.  At  The  University  of  Tennessee,  over 
20  percent  of  the  572  million  in  external  research  and  development  is  supplied  by  ORNL.  with 
significant  additional  funds  provided  by  other  DOE  facilities  in  Oak  Ridge.  These  numbers  only 
provide  the  financial  picture  and  do  not  measure  the  intellectual  contribution  of  the  national 
laboratories.  Another  measure  is  the  contribution  made  to  graduate  education  through 
involvement  of  graduate  students  at  the  national  labs.  Over  500  graduate  students  now  actively 
participate  in  research  projects  at/the  LBL  alone.  All  of  these  examples  point  to  close  ties 
between  universities  and  the  national  labs.  Management  of  the  national  laboratories  is,  in 
essence,  a  trustee  responsibility  that  is  similar  to  the  management  responsibility  of  the  trustees  of 
major  universities. 

An  impressive  statistic  is  the  15,000  scientists  and  engineers  who  visit  DOE  laboratories  for  an 
extended  period  of  time.   ORNL  had  over  4000  guest  scientists  and  engineers  (defined  as  those 
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2.  With  the  Administration  and  the  Congress  projecting  decreasing  Federal  budget  support 

for  research  and  development  over  the  next  five  to  seven  years,  how  must  the  relationships 
between  the  Federal  laboratories,  the  research  universities,  and  industry  evolve  to  assure 
adequate  science  and  technology  investment  for  the  nation's  future. 

I  have  had  the  good  fortune  to  visit  research  institutions  in  many  countries,  and  I  have  had  the 
opportunity  to  meet  with  delegations  visiting  the  United  States  from  other  countries.  It  is  my 
impression  that  most  of  these  countries  envy  our  system  of  national  laboratories.  In  many  cases 
they  have  set  up  institutions  that  are  similar  to  ours.  Therefore,  I  find  it  perplexing  to  learn  that 
there  are  recommendations  to  establish  a  version  of  the  Defense  Base  Closing  Commission  to 
decide  which  of  our  national  laboratories  should  be  closed.  Research  laboratories  are  not  the 
same  as  military  bases  in  the  sense  that  even  though  base  closing  may  be  painful  and 
economically  disruptive  in  a  particular  location,  the  process  is  easier  to  reverse  than  the  closing 
of  a  major  national  laboratory.  If  the  need  arises,  the  bases  can  be  reopened.  The  military 
function  they  performed  can  be  completely  restored,  eveh  though  it  may  be  at  anothe'r  site.  With 
research  labs  it  is  a  little  different.  The  processes  that  bring  together  a  group  of  productive 
scientists  and  engineers  into  a  multiprogram  activity  are  not  so  well  understood.  It  may  take 
years  to  get  a  productive  group  going  and  only  a  few  minutes  to  kill  it.  Like  many  of  my 
colleagues,  I  am  distressed  that  several  large  industrial  laboratories  have  significantly  weakened 
there  long-term  commitments  to  R  &  D  in  the  course  of  downsizing  and  realignment.  Bell  Labs 
and  IBM  are  the  most  recent  to  come  to  mind  It  would  be  difficult  to  recreate  a  research 
insiuuiion  like  Bell  Labs  here  in  the  United  States.  It  is  my  understanding  that  as  a  condition  of 
doing  business  in  both  Singapore  and  China,  AT&T  is  setting  up  research  institutions  like  Bell 
Labs  in  those  countries.  This  pattern  worries  me.  I  hope  that  it  worries  you  also. 

If  the  present  round  of  budget  considerations  is  going  to  reduce  the  support  for  research,  then  I 
believe  that  the  Administration  and  the  Congress  should  agree  on  what  programs  or  projects  are 
going  to  be  continued  and  which  are  going  to  be  ehminatfed,  rather  than  asking  which  institutions 
should  be  affected.  If  a  given  program  reduction  results  in  a  reduction  at  a  national  laboratory  or 
university,  so  be  it.  The  inslitution(s)  best  able  to  perform  the  program  should  either  be  assigned 
to  do  the  work  or  allowed  to  propose  to  compete  for  it.  Making  a  decision  to  close  a  facility  that 
IS  best  qualified  to  do  a  particular  project,  and  then  deciding  to  expand  that  particular  project 
makes  no  sense  at  all. 

As  an  example  of  how  program  cuts  affect  a  laboratory,  consider  the  decision  to  stop  work  on 
one  version  of  a  new  production  reactor.  This  programmatic  decision  resulted  in  a  $14  million 
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The  DOE  national  laboratories  are  an  essential  component  of  this  system.  Their  ability  to 
conduct  large-scale,  long-term,  integrated  research  projects  has  produced  a  remarkable  set  of 
contributions,  ranging  from  fundamental  scientific  discoveries  to  commercial  products,  that  have 
improved  national  security,  economic  productivity,  human  health,  and  environmental  conditions. 
The  success  of  the  national  laboratories  in  applying  science  and  technology  to  national 
challenges  derives  in  part  from  a  special  organizational  structure  that  supports  long-term,  high- 
risk,  problem-focused  research  and  development.  Successful  projects  have  been  characterized 
by  interdisciplinary  integration  of  science  and  engineering,  focused  project  management,  defined 
cost  and  time  schedules,  and  relevant  delivery  of  solutions  to  problems.  The  repon  of  the  Task 
Force  on  Alternative  Futures  for  the  Department  of  Energy  National  Laboratories  (the  Galvin 
Task  Force)  notes,  "One  of  the  great  strengths  of  the  multiprogram  laboratories  derives  from  the 
diversity  of  technical  expertise  that  can  be  brought  to  bear  from  within  these  laboratories  on 
specific  scientific  and  technical  challenges." 

In  recent  years,  DOE  and  other  agencies  have  increasingly  managed  research  using  the  academic 
model,  supporting  small  projects  that  are  reviewed  individually.  The  Galvin  Task  Force  called 
attention  to  the  "institutional  fragmentation"  that  has  resulted  from  the  funding  of  hundreds  of 
small  projects,  led  by  individual  investigators,  that  do  not  take  advantage  of  the  unique  research 
and  development  capabilities  of  the  national  laboratories.  To  assure  adequate  science  and 
lechnoiogy  investments  for  the  future,  DOE  should  fund  projects  less  on  a  retail  basis  and  more 
on  a  wholesale  basis  that  leaves  some  of  the  programmatic  decision  process  to  the  directors  of 
the  labs.  Several  recommendations  in  the  Galvin  commission's  report  call  for  greater  integration 
of  research  at  the  laboratories  as  a  means  of  counteracting  this  fragmentation  and  improving  the 
laboratories'  ability  to  contribute  to  solving  important  national  problems.  As  the  nation  moves 
toward  the  development  of  a  long-term  science  strategy,  the  definition  of  the  role  to  be  played  by 
the  national  laboratories  assumes  even  greater  urgency.  New  research  and  development 
management  approaches  are  needed  to  sustain  the  technical  integrity  and  excellence  of  the 
scientific  programs  at  the  national  laboratories  and  to  prepare  the  laboratories  to  respond  to  the 
challenges  of  the  future. 

It  is  tempting  to  summarize  this  section  by  saying  that  only  the  most  relevant  or  most 
excellent  programs  should  be  funded,  that  the  best  performer  should  be  the  one  to  do  the  work, 
and  further  that  the  best  way  to  make  this  determination  is  via  the  process  of  peer  review. 
Although  I  have  personally  benefited  from  the  peer  review  process  in  the  conduct  of  my  own 
research  in  the  past,  1  am  not  a  believer  in  the  notion  that  it  should  be  the  only  path  to  assignment 
of  funds  for  basic  or  applied  research.   Peer  review  is  a  means  of  maintaining  the  status  quo. 
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3.  Would  integration  of  all  Federal  science  and  technology  agencies  into  a  single,  cabinet- 

level  department  contribute  to  more  efficient  support  for  research  and  development? 

I  have  never  been  a  fan  of  the  idea  of  a  single  cabinet  agency  for  science  and  engineering 
research  support.  This  opinion  is  based  in  part  on  my  experience  during  the  twenty  years  that  I 
was  a  professor  of  engineering  and  physics,  and  in  part  on  my  service  as  a  federal  employee.  I 
know  that  the  idea  has  a  certain  current  popular  appeal,  but  I  believe  that  it  is  a  bad  idea  for 
several  reasons.  The  appeal  for  a  single  agency  is  the  argument  of  efficiency;  namely,  the  belief 
that  such  an  agency  would  eliminate  duplicate  programs  that  the  present  system  is  believed  to 
cause.  I  don't  believe  that  the  assumption  is  correct.  The  present  system  does  not  produce 
duplication  of  research,  unless  some  federal  employee  is  intentionally  spending  the  federal  funds 
entrusted  to  him  or  her  in  a  manner  that  causes  that  to  happen,  which  would  be  unwise  if  not 
illegal.  Even  if  duplication  of  funding  for  similar  programs  were  to  occur,  the  scientists  or 
engineers  involved  in  the  project  would  eventually  have  to  publish  the  work  based  on  the 
funding.  It  is  unlikely  that  promotion  to  a  better  job  code  or  tenure  in  a  university  would  occur, 
or  for  that  matter  that  funding  would  be  continued,  if  it  could  be  shown  that  the  work  was 
identical  to  someone  else's.  This  might  even  raise  the  consideration  of  scientific  fraud  or 
plagiarism  if  such  duplication  were  to  occur.  Since  such  events  are  exceedingly  rare,  it  would 
seem  that  reduction  of  nonexistent  duplication  should  not  be  the  basis  for  the  establishment  of  a 
science  agency.  The  present  system  may  be  a  little  inefficient,  but  it  is  certainly  effective.  The 
current  system  provides  a  variety  of  approaches  to  solving  the  Nation's  research  and 
development  challenges.  While  there  may  be  an  overlap  in  the  goals  of  some  of  the  research,  the 
matter  of  duplication  of  research  results  is  well  taken  care  of  by  the  time-honored  tradition  of  the 
goal  of  scientists  to  be  first  to  publish  results. 

Agencies  do  collaborate  now  to  increase  efficiency  in  research  and  development  support. 
Collaboration  exists  between  the  DOE  and  the  NSF  is  in  the  area  of  nuclear  science.  The 
Nuclear  Science  Advisory  Committee  is  responsible  for  developing  a  long-range  plan  (roughly 
every  5  years),  and  advises  both  the  DOE  and  the  NSF.  However,  this  does  not  imply  joint 
funding  of  major  projects.  What  it  does  imply  is  that  the  community  coordinates  projects  across 
both  agencies  to  maximize  the  new  science  and  eliminate  the  possibility  of  duplication.  This  is 
planning  m  response  to  the  new  directions  identified  by  the  whole  nuclear  physics  community. 
Hopefully,  this  means  that  by  the  time  these  proposals  go  to  Congress  for  funding,  the  nuclear 
physics  community  has  completed  all  of  its  internal  discussion  and  battles  over  priorities,  and 
now  speaks  with  one  voice.  Discussions  are  under  way  to  identify  the  highest  priority  for  new 
construction  once  the  Relativistic  Heavy-Ion  Collider  at  Brookhaven  is  complete.   This  could 
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4.  What  is  the  appropriate  role  of  the  National  Science  Foundation  and  the  research 

universities  in  research  and  development  in  the  energy  and  environmental  sciences?  How  is  this 
best  integrated  with  DOE-supported  research? 

Considering  all  of  the  sources  for  the  support  of  academic  science  and  engineering,  both  the  NSF 
and  the  DOE  provide  support  at  about  the  same  level.  The  NSF  focuses  its  resources  on  support 
for  fundamental  research  in  our  nation's  colleges  and  universities:  the  exception  is  in  the 
biomedical  sciences  where  the  National  Institutes  of  Health  is  the  primary  sponsor.  Most  of  this 
support  is  designated  for  individual  principal  investigators  or  other  small  teams.  Academic 
researchers  rely  on  the  NSF  because  it  also  supports  research  facilities,  like  accelerators  and 
observatories,  and  other  academic  facilities  modernization  programs. 

An  important  consideration  is  that  the  concept  of  multiple  funding  sources  is  not  bad.  This  is 
just  the  opposite  approach  of  having  a  single  science  agency.  Agencies  with  specific  missions 
may  hesitate  to  fund  an  outstanding  idea  because  its  relevance  to  the  agency's  mission  cannot  be 
clearly  demonstrated.  The  NSF  can  fund  quality  projects  in  areas  for  which  relevance  is 
unknown;  that  is  part  of  the  mission  of  the  NSF. 

The  DOE  is  sometimes  criticized  because  it  is  believed  that  too  much  of  its  research  and 
development  are  in  areas  that  are  not  obviously  related  to  energy,  such  as  health  and 
environmental  sciences.  Some  of  these  DOE  programs  have  their  origin  in  the  Atomic  Energy 
Act  of  1946.  which  provided  for  research  and  development  activities  directed  to  "the 
preservation  and  enhancement  of  a  viable  environment  by  developing  more  efficient  methods  to 
meet  the  Nation's  energy  needs."  The  environment  is  invanably  affected  by  energy  production 
and  supply:  producing  energy  involves  substances  that  come  out  of  the  ground  and  eventually 
go  back  into  the  ground:  while  these  energy  resources  are  out  of  the  ground,  they  can  affect 
people,  plants,  air,  and  water.  Also  mandated  in  the  Atomic  Energy  Act  of  1946  was  the  need  to 
understand  the  consequences  of  radioactive  materials  and  "the  protection  of  health  and  the 
promotion  of  safety  during  research  and  production  activities."  From  work  to  develop  an 
understanding  of  the  effects  of  large  doses  of  radiation  and  chemical  substances,  DOE 
researchers  have  moved  to  improving  their  understanding  of  the  long-term,  low-dose  effects  as 
well.  The  disadvantages  of  using  laboratory  animals  for  such  studies  led  to  present  efforts  to 
understand  these  effects  at  a  molecular  level.  DOE's  pioneering  involvement  in  these  programs 
flowed  from  the  need  to  understand  the  effects  of  exposure  to  radiation  and  chemicals  on  plants, 
humans,  animals,  and  the  environment.  It  was  this  need  to  understand  these  effects  that  led  DOE 
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sciences.  While  these  examples  represent  the  application  of  recent  developments  in  the  social, 
behavioral,  and  economic  sciences,  they  could  not  have  been  accomplished  without  the 
methodologies  having  been  first  developed  in  a  basic  research  context. 

For  a  number  of  years  ORNL  has  been  examining  the  best  ways  to  dispose  of  chemical  weapons 
currently  stored  at  facilities  in  different  parts  of  the  United  States.  Our  work  includes  the 
examination  of  emergency  evacuation  measures  in  addition  to  the  best  technological  measures 
for  destruction  of  the  weapons.  Our  work  on  emergency  evacuation  from  these  sites  directly 
applies  recent  basic  research  in  behavioral  and  social  science  to  reduce  the  loss  of  life  and 
property.  For  example,  basic  research  on  cognitive  information  processing  and  social  relations 
coupled  with  field  studies  of  human  response  to  emergency  warnings  has  led  to  new  warning 
technology  and  warning  messages  which  are  much  more  effective  in  getting  people  to  protect 
themselves  in  an  emergency.  The  implications  of  our  work  extend  beyond  chemical  weapons,  as 
a  recent  ORNL  report  on  warning  systems  is  now  required  reading  for  all  National  Weather 
Service  forecasters.  Likewise,  the  techniques  developed  by  our  social  scientists  have  led  to  more 
effective  training  and  public  education  programs  that  are,  unfortunately,  making  the  headlines  in 
our  daily  newspapers.  Immediately  after  the  Japanese  subway  chemical  attack,  the  New  York 
Transit  Authority  used  a  training  course  and  video  entitled  "Act  Fast,"  which  was  produced  by 
ORNL  for  the  Federal  Emergency  Management  Agency,  to  train  emergency  personnel  on  how  to 
respond  to  a  similar  chemical  agent  attack  if  it  occurred  in  New  York  City. 

The  social  and  economic  sciences  also  play  a  major  role  in  evaluating  the  effectiveness  of 
governmeni  programs.  For  example,  during  1994  ORNL  completed  a  three-year  evaluation  of 
the  nations  single  largest  conservation  program  -  DOE's  low-income  Weatherization  Assistance 
Program.  The  goals  of  the  Program  are  to  decrease  national  energy  consumption  and  to  reduce 
the  inipuci  of  high  fuel  costs  on  low-income  households,  particularly  those  of  the  elderly  and  the 
handicapped.  A  comparison  of  costs  and  benefits  based  on  a  range  of  assumptions  concluded 
that  the  Program  is  a  cost-effective  government  investment.  Also,  as  a  result  of  the  findings  of 
this  evaluation,  DOE  has  initiated  major  changes  in  the  program  to  reflect  the  practices  which 
were  identified  to  be  the  most  cost  effective. 

A  final  example  that  illustrates  my  point  is  a  recently  completed  study  that  developed  a  method 
for  estimating  the  externalities  associated  with  the  generation  of  electric  power  from  six  different 
fuel  cycles;  coal,  biomass,  nuclear,  hydropower,  oil  and  natural  gas.  Externalities  are  the  costs, 
such  as  health  and  environmental  costs,  that  the  technologies  impose  on  third  parties.  In  other 
words,  the  impacts  that  producers  and  consumers  do  not  take  into  account  during  the  normal 
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5.  What  are  the  DOE  and  national  laboratories  doing  to  establish  clear  mission  statements 

for  the  labs  which  can  be  utilized  for  future  budget  decisions  and  long-term  strategic  planning? 

The  question  implies  that  the  mission  statements  of  the  DOE's  laboratories  are  not  clear.  I 
believe  that  they  are  clear  and  simple.  The  problem  is  that  taken  at  face  value  they  do  not 
differentiate  one  lab  from  another  in  a  simple  and  concise  manner.  The  same  could  be  said  of 
universities.  Their  mission  statements  would  all  sound  similar  and  would  not  distinguish  one 
institution  from  another.  And  yet,  they  vary  greatly  in  the  emphasis  which  they  give  to  different 
functions  within  them.  Some  emphasize  science  and  others  liberal  arts  or  business,  even  though 
each  would  have  some  activities  in  all  of  these  areas,  even  if  it  was  not  the  most  excellent. 
Suppose  that  universities  were  asked  to  focus  their  efforts  so  that  they  could  be  made  more 
efficient  by  terminating  those  activities  that  are  duplicated  at  some  other  university.  Maybe  one 
university  has  an  English  department,  while  another  has  a  physics  department,  and  still  another 
has  neither,  but  does  have  a  football  team.  This  would  be  a  silly  approach  to  operating  the 
universities  in  our  country. 

What  about  the  DOE  national  laboratories?  Should  one  of  them  do  physics  and  another  one  do 
chemistry?  No,  that  doesn't  make  sense  either.  Part  of  the  problem  with  mission  statements  is 
that  the  effort  to  reduce  the  diverse  collection  of  activities  at  any  of  the  labs  to  one  sentence 
yields  nearly  identical  sentences.  I  believe  the  better  question  to  ask  is,  what  is  being  done  by 
DOE  and  its  laboratories  to  ensure  that  the  highest  quality  work  is  being  funded  consistent  with 
the  requirements  of  the  DOE  Act,  and  the  other  pieces  of  enabling  legislation  that  precede  it? 
The  various  reviews  that  have  recently  been  conducted  as  well  as  those  now  under  way  should 
help,  but  this  is  a  never  ending  process.  The  various  advisory  committees  that  help  the  DOE  in 
assessing  the  quality  of  its  programs  should  be  continued.  The  visiting  committees  of 
distinguished  scientists  and  industry  leaders  that  each  laboratory  has  to  help  insure  the 
excellence  of  its  programs  should  be  continued.  Periodic  comparisons  of  the  quality  and 
excellence  of  the  work  done  at  all  national  labs  with  that  being  done  at  academic  institutions  and 
industry  would  be  advisable.  There  is  no  simple  answer  to  the  question  posed,  because  it  is 
based  on  a  faulty  premise. 
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new  ideas  is  never  easy,  it  is  more  difficult  for  those  researchers  not  in  the  mainstream  to  receive 
funding  or  to  receive  timely  recognition  for  new  ideas  that  provide  refreshment  and  renewal. 
Despite  the  imperfections  of  this  process,  it  has  served  us  well  and  forms  the  basis  of  most 
program  funding  choices.  For  the  traditional  "mission"  areas,  this  is  still  the  best  measure  of 
performance.  However,  as  the  laboratories  have  increased  their  emphasis  on  economic 
competitiveness  and  education,  other  sectors  of  the  nation  have  become  imponant  as  customers 
and,  therefore,  as  evaluators.  Reviews  by  these  new  customers  should  be  used  to  assess  the 
performance  of  the  laboratories  in  their  new  roles.  Both  customer  surveys  and  proposal  reviews 
are  obvious  mechanisms.  Depending  on  the  role,  the  appropriate  customer  may  be  private 
industry,  academia,  other  Federal  agencies,  or  state  or  local  governments. 
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representatives  on  the  advisory  boards,  something  that  has  been  done  for  decades  within  the 
laboratory  system,  and  their  participation  in  developing  the  technology  roadmaps  helps  assure 
the  relevance  of  the  research  and  development  performed  by  the  centers. 

The  first  virtual  technology  center  for  bioprocessing  was  formed  in  1993,  a  second  is  being 
formed  in  advanced  robotics  technology,  and  over  a  dozen  other  centers  are  in  the  embryonic 
stage  of  formation.  Integrating  competencies  across  the  laboratories  through  a  virtual  center 
would  be  expected  to  accelerate  the  advancement  of  technology,  assure  customer  accessibility 
to  the  best  resources,  aid  retention  of  core  competencies,  reduce  cost,  and  help  the  laboratory 
system  be  a  technology  provider  of  choice  for  specific  technologies  in  the  21st  century.  All  of 
these  benefits  are  particularly  useful  in  a  time  of  constrained  federal  support. 

In  summary,  a  policy  that  supports  the  formation  of  virtual  technology  centers,  in  particular  with 
support  for  a  built  in  user  center(s),  is  moving  in  the  right  direction. 

Work  for  other  federal  agencies  and  for  the  public  and  private  sector  directly  supports  DOE's 
goals.  This  work  also  stimulates  new  research  and  development  initiatives,  is  a  key  part  of  the 
technology  transfer  function,  and  helps  to  sustain  and  build  the  laboratories'  core  competencies. 
Although  Work  for  Others  (WFO)  funding  comes  primarily  from  other  Federal  agencies,  work 
v.nU  the  private  sector  is  increasing.  In  this  manner,  WFO  provides  benefits  to  the  nation.  WFO 
has  .served  us  the  primary  mechanism  for  providing  DOE's  highly  specialized  and/or  unique 
technical  capabilities  to  non-DOE  entities.  As  DOE's  budgets  have  declined,  it  has  also  served 
as  a  means  of  returning,  and  advancing,  scientific  and  technical  excellence  within  DOE.  To  the 
benefit  ol  DOE.  the  capabilities  and  advancements  made  with  WFO  funding  have  often  found 
ready  application  within  DOE  itself.  The  report  of  the  Task  Force  on  Alternative  Futures  for  the 
National  Laboratories  (the  Galvin  Task  Force)  noted,  "There  is  abundant  evidence  for  the 
beneficial  role  the  national  laboratories  could  play  in  helping  resolve  national  problems  in  the 
numerous  advances  that  they  have  already  made." 

Clearly,  both  DOE  and  its  laboratories  benefit  from  WFO.  However,  several  impediments  are 
imposed  by  the  requirements  governing  the  WTO  program.  Since  FY  1989,  DOE  has  seen  a 
continual  decrease  in  WFO  funding.  In  FY  1995,  the  amount  of  new  WFO  funds  coming  into 
DOE  has  dropped  significantly.  Among  likely  reasons  for  this  decrease,  one  is  the  decline  in 
research  dollars  available  from  the  Department  of  Defense  (DOD)  and  other  federal  agencies. 
Another  likely  reason  that  is  not  so  obvious  involves  sections  of  two  acts  passed  by  Congress: 
(1)  the  National  Defense  Authorization  Act  of  1994  (November  1993),  Sect.  844,  "Department 
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The  report  of  the  Galvin  Task  Force  states  that  DOE  "must  take  positive  steps  to  encourage"  the 
nationaJ  laboratories  to  contribute  to  the  solution  of  national  problems  and  recommends  that 
"The  national  laboratories...  should  become  in  fact,  as  well  as  in  name,  national  laboratories." 
The  national  laboratories  need  to  be  national  laboratories  in  more  than  name  only.  I  believe  that 
DOE  is  committed  to  working  aggressively  with  other  agencies  to  match  laboratory  capabilities 
with  nationaJ  research  and  development  needs.  At  ORNL,  we  are  hopeful  that  one  result  will  be 
increased  opportunities  for  the  national  laboratories  to  participate  in  some  important  research 
areas  in  solicitations  by  other  federal  agencies  (notably  the  Environmental  Protection  Agency, 
the  NSF,  and  the  U.S.  Department  of  Agriculture).  ORNL  also  looks  forward  to  the 
comprehensive  report  on  work  for  other  agencies  that  is  being  prepared  for  presentation  to  the 
Laboratory  Operating  Board. 

Federal  law,  regulations,  and  DOE  orders  all  require  that  a  valid  appropriation  or  budgetary 
resource  exist  before  obligations  may  be  made  or  costs  incurred  for  work  performed  at  a  national 
laboratory.  In  compliance  with  guidance  from  DOE  (letter  of  June  29,  1994,  from  Thomas  T. 
Tamura,  DOE  Principal  Deputy  Assistant  Secretary,  Human  Resources  and  Administration,  to 
Alvm  W.  Trivelpiece,  Director,  ORNL),  a  cash  advance  is  now  required  for  proprietary  work  in 
user  facilities  sufficient  to  maintain  a  90-day  prepayment.  This  guidance  is  not  consistent  with 
industry's  customary  practice  of  not  paying  in  advance  for  work  to  be  performed;  it  is  offensive 
to  poieniial  customers;  it  is  overly  complicated  to  manage;  and  it  creates  a  barrier  to  encouraging 
indusirial  participation  in  DOE  work. 

SUMMARY 

The  DOE  national  laboratories  have  a  valuable  roles  to  play  in  the  nation's  long-term  science 

and  lechnoiogy  enterprise,  but  they  must  be  managed  so  as  to  take  effective  advantage  of  their 

unique  atiribuies.    I  hope  that  the  Congress  and  the  Administration  will  work  together  to  find 

ways  to  continue  the  work  at  the  laboratories  and  not  succumb  to  pressures  to  do  away  with 

them. 
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Chairman  Steven  Schiff.  I  thank  you  very  much,  Dr. 
Trivelpiece.  By  the  way,  thank  you  for  your  personal  courtesy  and 
hospitahty  in  showing  me  around  a  portion  of  Oak  Ridge  National 
Laboratory  this  morning.  I  very  much  appreciated  that.  Dr.  Hamil- 
ton, please. 

TESTIMO^fY  OF  DR.  JOSEPH  HAMILTON,  CHAIRMAN,  DEPART- 
MENT OF  PHYSICS  AND  ASTRONOMY,  VANDERBILT  UNIVER- 
SITY, NASHVILLE,  TN 

Dr.  Joseph  Hamilton.  Thank  you  very  much.  I  deeply  appre- 
ciate being  asked  to  speak.  You  have  heard  from  the  lofty  heights 
of  the  Laboratory  Directors,  and  the  heads  of  agencies  and  indus- 
try. What  you're  going  to  hear  now  are  remarks  from  the  working- 
class  folk.  [Parties  laugh.]  That's  mainly  the  university  scientists 
and  their  graduate  students  who  get  out  and  use  those  DOE  Na- 
tional Laboratories,  and  for  whom  those  DOE  National  Labora- 
tories are  essential  for  their  research  activities. 

And  ultimately,  as  a  result  of  that,  because  we're  the  people  who 
train  the  future  scientists  and  engineers  who  are  so  essential  for 
the  future  economic  strength  and  growth  of  our  country,  the  Na- 
tional Laboratory  partnerships  which  have  emerged  between  uni- 
versities and  National  Laboratories,  I  want  to  emphasize  as  being 
absolutely  critical  for  our  future. 

And  in  particular,  I  would  like  to  point  out  that  in  the  State  of 
Tennessee,  we  have  developed  some  very  unique  partnerships 
which  I  think  need  to  be  moved  to  other  states  as  well  as  other  Na- 
tional Laboratories.  And  I  refer  to  the  unique  partnership  between 
the  State  of  Tennessee,  the  universities  in  our  state,  and  Oak 
Ridge  National  Laboratory. 

Beginning  as  early  as  1970,  the  State  of  Tennessee,  Vanderbilt, 
and  the  University  of  Tennessee,  Knoxville,  and  Oak  Ridge  Na- 
tional Laboratory  initiated  the  first  of  several  very  unique  partner- 
ships, which  were  farsighted,  that  have  had  really  major  impacts 
on  research  and  on  graduate  education  in  the  State  of  Tennessee, 
the  Southeastern  region,  across  the  Nation,  and  internationally. 

These  partnerships,  I  would  stress,  provide  models  for  how  to  ef- 
fectively marshal  our  more  limited  resources,  financial  resources. 
And,  more  importantly,  to  share  scientific  talents  and  ingenuity  to 
create  world-class  facilities.  In  which,  the  universities  participate 
with  the  National  Laboratory  people  in  the  development  of  those 
facilities,  not  just  financially,  but  also  scientifically. 

And  it's  the  sharing  of  those  cooperative  efforts  that  provide  the 
real  strength,  both  for  our  universities  and  for  our  National  Lab- 
oratories. It  is  important  to  our  Nation  that  these  be  full  partner- 
ships and  not  just  National  Laboratories  opening  their  doors  to  the 
universities,  because  it's  a  way  to  collectively  maximize  the 
strengths  that  we  have  on  both  of  those  institutions.  I  would  also 
stress  that  such  cooperative  efibrts,  indeed,  between  our  univer- 
sities and  the  Department  of  Energy's  National  Laboratories  are 
critical  for  the  continued  health  and  strength  of  our  Nation's  basic 
research  and  our  training  of  scientists. 

I  will  use  as  an  example — because  I  happen  to  be  a  nuclear  phys- 
icist and  I  use  the  facilities  at  Oak  Ridge  National  Laboratory — I 
will  use  an  example  nuclear  science.  But  I  remind  you  that  there 
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are  all  sorts  of  facilities  available  at  our  National  Laboratories, 
some  of  which  have  already  been  mentioned,  and  I  couldn't  help 
but  think  of  the  Materials  Characterization  Laboratory  and  the 
High  Temperature  Laboratory  at  Oak  Ridge. 

Just  this  week  we  were  seeking  to  hire  a  named  chair  in  Physics 
at  Vanderbilt,  someone  in  Condensed  Matter  Physics  whose  exper- 
tise is  in  silicone  materials — and  I  don't  need  to  tell  you  how  im- 
portant silicone  materials  are — but  his  comment  was,  one  of  the 
strengths  of  the  Vanderbilt  offer  is  the  presence  in  Oak  Ridge  Na- 
tional Laboratory  the  Materials  Characterization  laboratory.  And 
one  of  the  reasons  why  he  may  come  to  Vanderbilt  is  just  the  fact 
that  he  can  make  use  of  those  unique  facilities.  And  so  we're  de- 
lighted to  see  those  partnerships  expand  in  other  areas. 

The  first  partnership  with  ORNL  was  something  called  the 
UNISOR  Consortium,  which  stands  for  University  Isotope  Sepa- 
rator at  Oak  Ridge.  And,  indeed,  Vanderbilt  and  the  University  of 
Tennessee  approached  the  State  and  got  the  State  behind  us.  And 
we  agreed  to  buy  an  isotope  separator,  which  was  the  first  isotope 
separator  placed  online  in  the  United  States  for  studying  nuclei 
particle  stability. 

At  that  time  in  1971,  it  was  also  a  time  of  very  tight  budgets. 
And  if  the  universities  hadn't  taken  this  step,  many  of  the  univer- 
sities in  the  southeastern  region  would  simply  have  stopped  having 
on  campus  nuclear  programs,  because  accelerators  were  expensive, 
and  fewer  and  fewer  would  be  built.  And  therefore,  it  was  impor- 
tant for  them  to  cooperate  to  develop  programs  for  their  research. 

Out  of  that,  there  are  now  currently  thirteen  universities  cor- 
responding to  the  states  of  Tennessee,  Georgia,  Kentucky,  Louisi- 
ana, Mississippi  and  South  Carolina  in  our  region,  and  Texas,  Or- 
egon, Maryland,  and  Oxford  University  in  England,  who  are  parts 
of  the  UNISOR  Consortium.  I  would  also  stress  that  the  UNISOR 
Consortium  played  an  important  role,  but  you  have  to  remember 
that  in  1971,  DOE  Laboratories  were  not  essentially  used  by  uni- 
versity scientists,  they  were  laboratories  built  for  the  scientists 
themselves.  And  UNISOR  played  a  very  important  role  in  helping 
to  open  up  Oak  Ridge  National  Laboratory  for  use  by  university 
scientists. 

In  the  late  1970's,  a  second  partnership  began  when  the  Holifield 
Heavy  Ion  Research  Facility  began  to  be  developed  at  Oak  Ridge 
National  Laboratory.  And  that's  still  the  world's  largest  twenty- 
five-million-volt  heavy  ion  accelerator.  Vanderbilt  and  the  Univer- 
sity of  Tennessee,  and  Oak  Ridge  National  Laboratory,  along  with 
the  State  of  Tennessee,  entered  into  a  new  partnership  called  the 
Joint  Institute  for  Heavy  Ion  Research. 

That  institute  is  a  unique  institution  in  the  nuclear  facilities  in 
our  country.  It  was  conceived  to  help  make  the  new  laboratory — 
which  was  a  change  in  direction  for  DOE — to  make  it  a  used  lab- 
oratory by  scientists  from  around  the  country  and  not  just  a  na- 
tional facility.  As  a  result  of  the  Joint  Institute,  we  built  a  million- 
dollar  building,  about  six  hundred  thousand  of  which  came  out  of 
state  and  university  funds. 

On  site  at  the  laboratory,  we  then  approached  the  State  of  Ten- 
nessee, and  through  the  graces  of  Governor  Alexander,  he  finally 
initiated  a  new  Centers  of  Excellence  Program,  which  provided 
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money  for  a  visitor's  program  for  our  Joint  Institute  for  Heavy  Ion 
Research.  Out  of  that  Institute,  we  helped  to  make  the  Hohfield 
Laboratory  the  most  used  laboratory  in  the  Nation,  in  terms  of  the 
DOE's  nuclear  laboratories. 

In  the  last  ten  years  of  its  full-time  operation  before  it  was  shut 
down  to  restructure  it,  in  terms  of  new  radioactive  ion  beam  facili- 
ties that  I'll  mention,  six  hundred  and  forty  scientists  from  some 
hundred  and  forty  institutions,  including  two  hundred  graduate 
students  and  thirty-eight  undergraduates,  worked  at  the  Holifield 
Laboratory. 

In  1990  alone,  the  last  year  of  its  full-time  operation,  there  were 
fifty-nine  graduate  students  who  used  the  Holifield  facility  for  their 
research  work  for  part  or  all  of  their  Ph.D.  thesis.  That  number 
was  five  to  ten  times  the  number  at  any  other  DOE  Laboratory, 
and  the  Joint  Institute  played  a  major  role  in  helping  make  that 
possible. 

Other  efforts  of  the  Joint  Institute  have  been  the  fact  that  it's 
been  a  host  for  a  number  of  conferences,  that  over  two  thousand 
scientists  have  attended  some  thirty-five  conferences  held  at  the 
Joint  Institute  buildings. 

Partnerships  between  the  universities  and  the  State  and  the  Na- 
tional Laboratory  have  continued  as  universities  have  taken  a  role 
in  helping  to  develop  new  facilities  for  the  Laboratories.  In  particu- 
lar, I'll  make  mention  of  the  new  Recoil  Mass  separator,  which  was 
initiated  with  the  universities,  identified — well,  we  raised  one- 
point-five  million  dollars  of  the  cost  of  that  two-point-two-million- 
dollar  device  before  DOE  said  cease  and  desist,  we'll  provide  the 
rest  of  the  money  for  you.  And  which  they  did,  and  then  provided 
a  building  that  cost  another  million  and  a  half  to  do. 

So  we  have  a  new  four-million-dollar,  world-class  facility  that's 
about  to  become  operational  this  summer  at  Oak  Ridge  National 
Laboratory.  Through  a  cooperation  between  the  universities,  the 
State  of  Tennessee  put  up  a  half-a-million  dollars  for  it,  and  Oak 
Ridge  National  Laboratory  and  the  Department  of  Energy. 

Other  outgrowths  of  the  Joint  Institute  have  been,  as  earlier  was 
mentioned,  the  high-performance  computing  initiative  which  was 
funded  at  Oak  Ridge.  But,  I  remind  you,  that  part  of  that  funding 
came  about  because  of  the  fact  that  the  universities  are  a  part  of 
that  initiative.  And  that  new  high-performance  computing  facility 
enables  university  scientists  to  make  computations  on  problems 
and  to  attack  problems  which,  without  those  new  facilities,  they 
simply  would  be  too  massive  to  be  carried  out. 

Another  part  of  Governor  Alexander's  Centers  of  Excellence  Pro- 
gram that's  unique  in  the  State  of  Tennessee  is  the  Science  Alli- 
ance Program  between  the  University  of  Tennessee,  Knoxville,  and 
Oak  Ridge,  in  which  they  share  joint  appointments  of  distinguished 
scientists.  And  they,  indeed,  have  brought  a  number  of  world-class 
scientists,  as  described  in  the  Appendix  C  of  my  testimony,  to  the 
area  as  joint  appointments.  And  this  has  also  helped  to  transform 
the  quality  of  research.  It's  an  outstanding  example  of  a  specific 
partnership  between  a  university  and  a  National  Laboratory. 

Finally,  I  like  to  do  things  in  the  concrete  and  let  people  see 
something.  If  you'll  give  me  about  four  minutes,  I'd  like  just  to 
show  you  a  few  examples  of  pictures  from  the  Laboratory  to  let  you 
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see  what  I  mean,  in  concrete,  about  university  uses  of  Oak  Ridge 
National  Laboratories. 

[Whereupon,  Dr.  Hamilton  utilizes  overhead  projections.] 

I  begin  with  one  from  the  UNISOR  Consortium.  When  we  finally 
put  together  a  helium  refrigerator,  which  was  on  the  end  of  the  iso- 
tope separator — and  you  see  in  this  picture  a  group  of  scientists 
who  were  celebrating  that  we'd  had  our  first  onsite  successful 
run — they  include  people  from  the  University  of  Kentucky,  Univer- 
sity of  Tennessee,  Louisiana  State  University,  Oregon  State  Uni- 
versity, Mississippi  College,  and  Vanderbilt  University. 

The  Joint  Institute  is  one  of  the  real  strengths,  because  it  pro- 
vides an  onsite,  university-type  atmosphere  for  users  of  the 
Holified  Heavy  Ion  Research  Facility.  We  have  a  conference  center, 
we  have  spaces  for  people  to  live.  It's  this  Center  which  has  helped 
make  Oak  Ridge  National  Laboratory  so  much  used  by  scientists 
from  around  the  country. 

One  of  my  colleagues  at  Oak  Ridge  made  this  transparency  for 
me  that  shows  the  number  of  guests  in  '93,  '94.  You  will  note  that 
in  that  particular  time,  there  are  a  large  number  of  Europeans  who 
are  listed  over  here,  and  that's  because  of  the  fact  that  during  this 
period  Oak  Ridge  is  in  the  process  of  reconstructuring  (sic)  its  ac- 
celerators to  become  the  first  radioactive  ion  beam  facility  in  the 
Nation.  And  many  of  the  experts  in  that  area  are  in  Europe,  and 
we  have  been  able  to  use  Joint  Institute  funds  to  bring  those  peo- 
ple. And  that's  critical  to  bring  them  from  Europe,  because  foreign 
travel  funds  aren't  so  easily  available  always  from  DOE.  So  the 
partnerships  have  paid  ofi"  in  helping  to  develop  this  new  labora- 
tory. 

I  show  an  example  of  what  that  new  laboratory  is  to  look  like. 
At  the  upper  part  is  the  cyclotron,  which  will  provide  the  beam  to 
make  the  radioactive  isotopes,  which  will  produce  a  target  at  this 
point — I  should've  brought  my  pen  over — but  in  any  case,  they  then 
are  separated  through  a  mass  separator,  sent  to  the  second  accel- 
erator— the  twenty-five  million  volt  tandem — and  then  the  beams 
of  radioactive  isotopes  are  put  forward. 

I  notice  that  of  the  three  major  facilities  which  are  in  this  dia- 
gram— namely,  the  isotope  separator,  the  UNISOR  facility,  and  the 
spin  spectrometer — all  three  of  those  facilities,  universities  played 
a  major  part  of  the  development  of  those  facilities,  both  financial 
and  the  actual  design  and  construction  of  those  devices. 

And  that  new  recoil  mass  separator — which  I'm  particularly 
proud  of  and  is  something  which  I  worked  on  for  ten  years — is  al- 
most completed.  This  is  a  view  of  that  recoil  mass  separator.  That, 
in  conjunction  with  the  new  Radioactive  Ion  Beam  facility,  will 
make  Oak  Ridge  National  Laboratory  a  premier  facility  in  the 
world.  And  universities  will  rightfully  share  in  the  acclaim,  and  in 
the  research. 

Finally,  I  would  simply  like  to  make  one  other  final  thing.  You 
can  say  that  it's  nice  to  look  at  things  in  the  concrete;  I've  spent 
a  long  time  at  Vanderbilt  University,  and  over  my  career,  I  want 
you  just  to  see  what  impacts  Oak  Ridge  National  Laboratory  has 
made  in  terms  of  one  specific  concrete  example  in  nuclear  science. 
And  that's  a  summary  of  what  my  group  has  done  at  Vanderbilt 
in  the  last  thirty-five  years. 
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We  have  trained  twenty-four  Master's  degree  students,  fifty-three 
Ph.D's,  and  seventy  postdoctoral  research  Associates,  almost  all  of 
whom  use  Oak  Ridge  National  Laboratory  facilities  for  part  or  all 
of  their  work.  These  people  occupy  positions  in  colleges  and  univer- 
sities, medical  schools,  hospitals,  industries,  government  agencies, 
and  National  Laboratories. 

Including,  for  example,  one  of  our  undergraduate  students  whom 
I  think  I  helped  influence  in  Physics,  is  now  one  of  the  Directors 
at  one  of  the  large  laboratories  for  Sandia,  in  Albuquerque,  Pace 
Van  Devender.  Others  of  the  students  who  have  come  out  of  that 
group,  one  of  them  happens  to  be  working  at  Oak  Ridge  National 
Laboratory,  who  won  an  award  for  his  environmental  cleanup  of 
the  mercury  which  accidently  got  dumped  along  with  some  field 
dirt  on  a  school  yard  in  Oak  Ridge,  Tennessee. 

Of  others  in  that  group  who  have  won  awards,  there  are  labora- 
tories like  Idaho  National  Engineering  Laboratory,  for  the  develop- 
ment of  new  techniques  for  inspection  of  missiles.  Back  before  the 
Cold  War  when  we  were  trying  to  do  SALT  Treaties,  they  devel- 
oped a  new  technique  for  determining  whether  missiles  were,  in 
fact,  still  active  or  not,  in  a  non-destructive  way,  so  they  could  tell 
whether  somebody  was  cheating  on  them  in  missile  disarmament 
or  not. 

These  people  occupy  all  sorts  of  things.  And  in  addition  to  that, 
we  have  succeeded  in  doing  an  enormous  quantity  of  research  that 
we  think  has  contributed  to  our  knowledge  of  physics  over  the 
years. 

What  I'm  trying  to  stress  is  that  our  National  Laboratories,  both 
as  seen  from  a  concrete  example  and  as  seen  from  the  standpoint 
of  all  these  people  who  are  using  those  National  Laboratories — 
from  universities  and  graduate  students — they  are  essential  to  the 
health  of  our  universities,  they  are  essential  to  the  continued  train- 
ing of  nuclear  scientists,  condensed-matter  scientists^^a  whole 
range,  from  physics,  chemistry,  biology,  engineering,  and  computer 
science. 

And  I  wish  to  stress,  the  partnerships  which  have  developed  be- 
tween universities  and  National  Laboratories  in  a  time  of  austere 
funds — these  can  pay  the  biggest  dividends  that  we  have  in  the  de- 
velopment of  strengths  for  our  future  scientific  enterprise.  Thank 
you.  [Audience  applauds.] 

[The  prepared  statement  of  Dr.  Hamilton  follows:] 
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UNIQUE  STATE   -  UNTVERSITY  -  NATIONAL  LABORATORY  PARTNERSHIPS 

The  State  of  Tennessee,  Vanderbilt  University,  the  University  of  Tennessee  Knoxville, 
and  Oak  Ridge  National  Laboratory  in  1970  initiated  the  first  of  several  unique  partnerships  that 
have  had  major  impacts  on  research  and  graduate  education  in  the  State  of  Teimessee,  the 
Southeast  region,  across  the  U.S.  and  internationally.  These  partnerships  provide  models  of  how 
to  effectively  marshall  limited  financial  resources  and  share  scientific  talents  and  ingenuity  to 
create  world-class  research  facilities  for  use  by  university  faculty  and  graduate  students  and 
national  laboratory  scientists.  These  partnerships  have  involved  not  just  the  sharing  of  financial 
resources  but  equally  as  important  the  sharing  of  scientific  insights  and  efforts  by  university  and 
laboratory  scientists  to  build  major  new  research  facilities  at  a  national  laboratory.  It  is  important 
to  our  nation  that  these  be  full  partnerships  and  not  just  national  laboratories  opening  their  doors 
to  universities.  In  this  way  we  will  maximize  collectively  the  strengths  in  our  universities  and 
national  laboratories.  Such  cooperative  efforts  between  our  universities  and  the  Department  of 
Energy's  National  Laboratories  are  critical  to  the  continued  health  and  strength  of  our  nation's 
research  in  basic  nuclear  science  and  in  the  training  of  scientists  who  are  essential  for  a  broad 
spectrum  of  basic  and  applied  fields  from  nuclear  and  diagnostic  medicine,  environmental  safety 
and  restoration,  nuclear  energy  to  basic  research.  While  nuclear  research  is  emphasized,  our 
National  Laboratories  have  many  other  unique  facilities  which  also  significantly  extend  and 
complement  research  in  many  areas  of  physics,  chemistry,  biology,  engineering  and  computer 
science.  For  example,  one  has  at  ORNL  the  Materials  Characterization  and  High  Temperattire 
laboratories  which  are  used  by  university  scientists.  Such  full  partnerships  between  national 
laboratories  and  universities  must  be  rewarded  through  additional  federal  support  in  order  to 
encourage  the  development  of  such  full  partnerships  in  other  national  laboratories. 

The  first  partnership  with  ORNL  was  the  UNISOR  Consortium  v^^ich  began  in  1971.  At 
that  time  there  were  no  user  groups  in  nuclear  physics  at  national  laboratories  which  had  their 
own  scientists  carrying  out  research.  However,  budgets  were  becoming  tight  and  big  expensive 
accelerators  were  needed  to  carry  out  forefront  nuclear  research.  Since  only  a  few  such 
accelerators  existed  and  fewer  would  be  built  in  the  future,  many  on-campus  university  nuclear 
programs  would  stop.  This  would  be  a  serious  blow  to  graduate  education  of  nuclear  scientists. 
Thus  Vanderbilt  initiated  a  proposal  for  the  State  of  Termessee  to  join  with  Vanderbilt  University, 
the  University  of  Termessee  and  nine  other  primarily  Southeastern  universities  to  initiate  a  new 
research  facility  at  Oak  Ridge  National  Laboratory  mainly  for  use  by  university  scientists.  The 
State  of  Tennessee  and  the  universities  provided  100%  of  the  cost  of  the  first  isotope  separator 
on-line  to  an  accelerator  in  the  U.S.  They  also  pledged  to  provide  40%  of  the  operating  funds 
for  the  facility  for  five  years.  The  acronym  UNISOR  stands  for  UNiversitv  Isotope  Separator  at 
Oak  Ridge.  Oak  Ridge  Associated  Universities  is  the  fiscal  agent  for  the  operating  funds  for 
the  facility.  The  universities  in  partnership  with  the  State  of  Tennessee  and  the  ORNL  have 
continued  to  add  new  equipment  in  the  $100,000  to  5300,000  range,  such  as  a  laser  facility  and 
low  temperature  nuclear  orientation  facility  to  open  up  new  research  opportimities.  Another 
major  initiative  of  UNISOR  was  to  bring  from  Europe  a  theoretical  physicist  in  nuclear  structure 
research  to  help  guide  and  interpret  the  results  of  the  UNISOR  research  program.  This  was  the 
initial  step  that  led  to  a  national  center  for  theoretical  nuclear  structure  research  at  ORNL. 

In  1991  on  the  twentieth  anniversary  of  the  founding  of  UNISOR  and  the  tenth 
anniversary  of  the  Joint  Institute  for  Heavy  Ion  Research,  an  International  Symposium  on 
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Reflections  and  Directions  in  Low  Energy  Heavy  Ion  Physics  was  held  in  Oak  Ridge.  Appendix 
A  gives  an  overview  of  the  work  of  the  UNISOR  Consortium  which  now  includes  universities 
in  Texas,  Oregon  and  Maryland,  and  Oxford  University  (England)  as  well  as  nine  universities 
from  the  States  of  Tennessee,  Georgia,  Kentucky,  Louisiana,  Mississippi,  and  South  Carolina. 
Of  particular  importance,  the  UNISOR  Consortium  pioneered  the  opening  up  of  Oak  Ridge 
National  Laboratory  for   use  by  university  faculty  and  graduate  students. 

In  the  late  1970's  when  the  new  Holifield  Heavy  Ion  Research  Facility  (HHIRF)  with  a 
new  25  million  volt  heavy-ion  accelerator  (still  the  world's  largest)  was  being  built  at  ORNL, 
Vanderbilt  and  The  University  of  Tennessee  Knoxville  moved  their  partner^ips  with  the  State 
of  Teimessee  and  ORNL  to  a  new  level  with  the  development  of  the  Joint  Institute  for  Heavy  Ion 
Research  which  is  described  in  more  detail  in  Appendix  B,  taken  from  the  1991  conference. 
Quoting  from  Appendix  B,  "The  Joint  Institute  for  Heavy  Ion  Research  (JIHLR)  is  a  unique 
institution  in  the  world  of  nuclear  physics.  Conceived  at  Vanderbilt  University  in  1975,  it  is  the 
result  of  a  joint  effort  of  Oak  Ridge  National  Laboratory  (ORNL),  the  University  of  Tennessee 
(UT),  and  Vanderbilt  University  (VU)  to  build  a  special  university-like  visitor  environment  at  a 
national  laboratory.  In  the  process,  the  success  of  the  JIHIR  has  occurred  because  of  a  new  type 
of  relationship  between  universities  and  a  national  laboratory,  and  a  special  collaboration  between 
the  federal  government  and  the  State  of  Tennessee." 

The  new  Holifield  facility  was  initiated  with  a  major  change  in  direction  for  Department 
of  Energy  National  Laboratories  in  nuclear  physics  -  a  facility  located  at  a  national  laboratory  but 
used  by  scientists  from  around  the  nation  and  the  world,  and  not  a  national  facility  used  by  in- 
house  scientists.  The  Joint  Institute  was  conceived  to  help  make  Holifield  a  nationally  used 
facility.  It  is  operated  by  the  University  of  Tennessee,  Vanderbilt  University  and  Oak  Ridge 
National  Laboratory.  Beginning  with  $100,000  pledges  each  from  Vanderbilt  and  the  University 
of  Tennessee,  ORNL  provided  the  remaining  funds  for  the  first  Joint  Institute  building.  Funds 
for  the  second  building  were  $44,000  from  UNISOR  and  $350,000  from  the  State  of  Tennessee, 
along  with  additional  funds  from  VU  and  UT.  The  institute  buildings  now  are  valued  at  over 
one  million  dollars.  These  buildings  provide  on-site  lodging,  office  space,  computer  terminal 
rooms,  and  secretarial  support  for  outside  visitors  along  with  a  conference  center. 

Shortly  after  the  first  Joint  Institute  building  was  completed,  and  the  second  building  was 
in  progress,  Vanderbilt  and  the  University  of  Tennessee  approached  then  Governor  Lamar 
Alexander  about  having  the  State  of  Tennessee  provide  annual  operating  funds  for  a  visitors' 
program  to  complete  our  Institute  in  the  fullest  sense  of  the  word.  We  stressed  that  with  such 
funds  our  Joint  Institute  would  become  a  center  of  excellence  in  higher  education  like  the  State 
of  Tennessee  had  not  had  before,  attracting  renowned  scholars  to  Tennessee  from  around  the 
world.  A  year  later  Governor  Alexander  introduced  his  Centers  of  Excellence  program  in  higher 
education.  The  largest  such  center  is  the  Science  Alliance  between  the  University  of  Tennessee 
Knoxville  and  ORNL  as  discussed  in  Appendix  C  and  described  briefly  below.  As  part  of  the 
Center  of  Excellence  grant  to  the  University  of  Tennessee,  the  Joint  Institute  receives  aimually 
$165,000  to  go  with  $30,000  from  the  Physics  Division  of  ORNL,  $30,000  from  the  Department 
of  Energy  and  $12,000  from  Vanderbilt  University. 

In  general,  $150,000  to  $200,000  has  been  spent  without  overhead  in  our  Joint  Institute 
visitors  program.    The  Joint  Institute  was  a  major  factor  in  making  HHIRF  by  far  more  used  by 
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outside  scientists  than  any  other  DOE  nuclear  laboratory.  During  its  last  10  years  of  full-time 
operation  before  shutdown  to  build  the  RIB  facility,  640  scientists  from  148  institutions  including 
200  graduate  students  and  38  undergraduates  worked  at  HHRIF.  In  1990  there  were  59  graduate 
students  who  used  Holifield  for  part  or  all  of  their  Ph.D.  work,  a  number  five  to  ten  times  larger 
than  at  the  other  DOE  national  laboratory  nuclear  facilities.  These  visitors  have  had  major 
impacts  on  the  quality  and  quantity  of  research  carried  out  by  University  and  ORNL  scientists 
at  HHIRF.  Of  particular  note,  the  Joint  Institute  made  it  possible  to  bring  in  world  experts  to 
help  develop  and  make  operational  new  pieces  of  equipment.  Of  special  note,  Holifield  is  now 
being  rebuilt  as  the  first  US  radioactive  ion  beam  (RIB)  facility.  Most  of  the  world  experts  in 
this  area  are  in  Europe.  Over  the  last  two  years  the  Joint  Institute  has  brought  distinguished 
scientists  from  several  European  countries  and  from  other  U.S.  laboratories  to  provide  critical 
help  to  develop  this  new  RIB  facility. 

Three  other  major  efforts  of  the  Joint  Institute  are:  a)  the  hosting  of  international 
workshops  and  conferences,  b)  obtaining  State  and  university  funds  to  match  DOE  funds  for  new 
facilities,  and  c)  helping  develop  the  first  nuclear  structure  theory  center  in  the  U.S.  For 
example,  to  date  over  35  conferences  have  been  hosted  at  the  Joint  Institute  Conference  Center 
with  over  2,000  scientists  at  these  meetings.  The  Joint  Institute  initiated  steps  which  led  to 
DOE's  joining  to  create  a  center  for  Nuclear  Structure  Theory  in  cooperation  with  ORNL,  the 
University  of  Tennessee  and  the  Joint  Institute. 

The  partnership  of  Vanderbilt,  the  University  of  Tennessee,  UNISOR  universities,  the 
State  of  Tennessee  and  ORNL  -  DOE  has  provided  the  opportimity  for  them  to  cooperate  in  the 
sharing  of  funds  to  build  specific  new  facilities  at  Holifield.  For  example,  a  major  new  facility, 
a  new  generation  recoil  mass  spectrometer  (RMS)  was  conceived  at  Vanderbilt  which  raised 
$1,500,000  toward  the  $2,2000,000  cost  from  university  and  external  sources.  It  was  designed 
by  scientists  at  Vanderbilt,  Texas  A&M  and  Idaho  National  Engineering  Laboratory.  This 
$4,000,000  facility  will  be  the  centerpiece  for  research  with  the  new  ORNL  RIB  facilities. 

The  new  RMS  and  RIB  combined  are  a  premier  research  facility,  unmatched  anywhere 
in  the  world.  In  the  last  six  years  university  and  State  of  Tennessee  funds  for  capital  equipment 
have  totaled  over  $2,000,000  overhead  free.  A  list  of  major  contributions  is  attached  in  Appendix 
D.  In  addition,  through  the  UNISOR  Consortium  several  hundreds  of  thousands  of  dollars  have 
been  provided  by  the  universities  in  purchasing  small  items  of  equipment,  and  in  providing  free 
shop  work  to  fabricate  components  such  as  ion  sources  for  use  at  ORNL.  UNISOR  has  provided 
over  $1,500,000  of  overhead  free  direct  support  for  the  operation  of  the  facility.  The  State  of 
Tennessee  and  Vanderbilt  have  provided  over  $2,000,000  over  the  last  1 1  years  to  operate  the 
Joint  Institute.  The  total  of  all  university  and  state  fimds  exceeds  $6,000,000  (overhead-free) 
for  the  operation  and  development  of  the  Holifield  research  program.  In  addition,  even  larger 
sums  of  money  in  a  variety  of  science  and  engineering  areas  have  been  provided  for  targeted 
cooperative  research  between  the  University  of  Teimessee  and  ORNL  through  the  Science 
Alliance,  see  Appendix  C.  But  more  important  than  money  has  been  the  enormous  contribution 
in  time  and  talents  of  university  scientists  both  at  home  and  in  Oak  Ridge  to  the  development 
of  the  ORNL  facilities  and  to  the  research  there.  Such  true  partnerships  must  be  strengthened 
by  rewarding  laboratories  and  universities  engaged  with  such  partnerships  with  additional  support 
if  one  is  to  encourage  other  such  partnerships. 
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The  tremendous  success  of  the  Joint  Institute  played  a  crucial  role  recently  in  the  State 
of  Tennessee's  agreeing  to  provide  $6,000,000  for  a  similar  institute  to  support  a  proposed  new 
neutron  science  facility  if  constructed  at  ORNL.  Thus  from  modest  beginnings  of  the  State  of 
Tennessee  providing  $90,000  in  1971  to  match  university  contributions  for  the  UNISOR  project, 
the  partnerships  have  matured  and  spread  out  to  encompass  support  for  a  wide  range  of  major 
research  equipment  and  infrastructure  facilities  for  scientists  around  the  world. 

Another  outgrowth  of  the  Joint  Institute  is  the  development  of  a  Center  for 
Computationally  Intensive  Physics.  A  cooperative  proposal  that  includes  funds  from  Vanderbilt, 
the  University  of  Tennessee  and  ORNL  won  one  of  the  Grand  Challenge  Awards  in  High 
Performance  Computing  to  develop  at  ORNL  one  of  the  nation's  major  new  high  performance 
computer  centers.  This  center  is  allowing  university  and  laboratory  scientists  to  address 
problems  which  are  so  complex  and  computer  intensive  that  they  could  not  be  carried  out  with 
previous  computer  facilities.  This  cooperation  has  led  to  international  conferences  and  new 
programs  at  Vanderbilt  and  UT  in  computational  physics.  Again,  the  success  of  one  partnership 
opened  opportunities  to  develop  other  new  partnerships  and  important  programs. 

In  1984,  as  part  of  Governor  Alexander's  Centers  of  Excellence  Program,  a  specific 
partnership,  the  Science  Alliance  between  the  University  of  Tennessee  Knoxville  and  ORNL,  was 
formed  to  promote  scientific  research  and  educational  collaboration  between  UTK  and  ORNL. 
See  Appendix  C.  Major  features  are  the  Distinguished  Scientists  and  Collaborating  Scientists 
Program  with  joint  appointments  involving  shared  costs.  This  is  a  broad-based  program  that 
includes  many  areas  of  physics,  chemistry,  engineering,  biology  and  computer  science.  There 
are  also  funds  for  shared  undergraduate  and  graduate  programs  and  start-up  funds  for  new 
projects.  In  addition  to  the  major  specific  cooperative  research  efforts  tied  to  the  joint 
appointments,  the  Science  Alliance  also  supports  broad  partnership  ventures.  The  Joint  Institute 
for  Heavy  Ion  Research  and  many  of  the  special  research  facility  projects  are  supported  through 
the  Science  Alliance.  This  program  is  an  outstanding  example  of  a  specific  partnership  between 
a  university  and  a  national  laboratory  and  of  broad  partnerships  of  national  scope. 

Finally,  I  would  like  to  emphasize  the  importance  of  university-national  laboratory 
partnerships  to  graduate  education  and  research  through  a  specific  example.  Over  the  last  35 
years  my  research  group  at  Vanderbilt  has  trained  70  postdoctoral  fellows  and  over  50  Ph.D. 
students  in  experimental  nuclear  physics  almost  all  of  whom  used  tiie  facilities  at  Oak  Ridge 
National  Laboratory  for  part  or  all  of  their  training  and  Ph.D.  thesis  research.  These  scientists 
hold  a  wide  range  of  positions  in  industry,  hospitals,  govenunent  agencies,  national  laboratories, 
colleges  and  universities.  Our  research,  published  in  over  590  p^ers,  has  significantly  advanced 
our  understanding  of  the  nucleus  of  the  atom.  Our  specific  example  documents  that  our  national 
laboratories  are  providing  essential  nuclear  facilities  for  research  of  university  faculty  and 
graduate  students  in  nuclear  physics. 

The  partnerships  between  our  universities,  the  State  of  Tennessee  and  the  Federal 
Government  have  been  established  to  help  provide  world  class  research  facilities  for  Tennessee 
university  and  ORNL  scientists  as  well  as  scientists  nationally  and  internationally.  Keeping  and 
expanding  such  partnerships  are  essential  to  the  health  and  strength  of  many  of  our  nation's 
university  programs  which  are  training  the  future  scientists  and  technical  persoimel  our  nation 
must  have  to  ensure  its  economic  strength. 
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Appendix   C 


Ur/oml'^  "^^ 


A  Center  of  Excellence  at  the   University  of  Tennessee  ^fe^l      /  ^^M  A^B  3l  I  I  3  H  C  Q 

Oak  Rido;e  Summit  on  Science,  Emironraent,  and  Technology  -  June  1-2, 1995 

Sharing  Resources  Creates  Opportunity  -  Alliances 
that  get  you  more  for  your  research  dollar 

Attempts  to  establish  fonnaJ  links  between  The  University  of  Tennessee,  Knoxville  (UTK)  and  Oak  Ridge 
National  Laboratory  (ORNL)  date  back  at  least  30  years.  The  UT/ORhfL  Science  Alliance  is  the  best-known 
and  most-enduring  and  successful  of  these.  It  was  established  in  July  1984  as  part  of  Governor  Lamar 
Alexander's  "Better  Schools  Program,"  which  ratified  similar  Centers  of  Excellence  at  universities 
throughout  Tennessee.  The  Science  Alliance  is  the  largest  of  these,  with  an  annual  budget  of  S3.5  million. 
This  figure  represents  over  20  percent  of  the  state's  annual  budget  for  such  centers. 

The  primary  mission  of  the  Science  Alliance  is  to  promote  scientific  research  and  educational  collaboration 
between  UTK  and  ORNL.  It  does  so  through  Distinguished  Scientist  and  Collaborating  Scientist  programs, 
joint  institutes,  graduate  and  post  graduate  funding,  faculty  awards,  and  stan-up  support  for  new  projects. 
The  Science  Alliance  is  the  primary  vehicle  through  which  UTK  and  ORNL  share  personnel,  specialized 
instruments,  and  financial  resources  to  achieve  mutual  goals. 

HISTORICAL  PERSPECTIVE 

Several  issues  converged  in  the  late  1970s  and  early  1980s  to  bring  about  the  Science  Alliance.  Reports  from 
the  Energy  Research  Advisory  Board  and  the  Federal  Laboratory  Review  Panel  had  identified  weak  links 
between  universities  and  the  major  federal  research  institutions,  a  condition  both  groups  found  "alarming," 
esfjecially  if  the  United  States  intended  to  continue  world-wide  scientific  leadership. 

"At  a  time  when  America  is  looking  for  ways  to  emphasize  science  and  technology,"  wrote,  then  Governor 
Lamar  Alexander  in  a  March  1983  letter  to  Secretary  of  Energy  Donald  Hodel,  "[a]  coalition  between  a  U.S. 
world  class  laboratory  and  our  state's  comprehensive  research  university  will  be  a  national  milestone." 

Equally  important  to  science  faculty  and  administration  at  UTK  was  the  need  to  improve  the  national 
ranking  of  their  graduate  education  and  research  programs.  In  the  decade  prior  to  1984,  laboratories  at  UTK 
had  suffered  from  decline  in  state  and  federal  appropriations  for  major  equipment.  The  Science  Alliance 
provided  the  means  to  improve  this  situation,  not  only  attracting  top  level  scientific  expertise  to  joint  UTK 
and  ORNL  positions  but  also  drawing  matching  external  funds  for  new  science  initiatives  and  improvements 
to  facilities. 

THE  DISTINGUISHED  SCIENTIST  PROGRAM 

Plans  for  a  formal  alliance  actually  began  with  the  Distinguished  Scientist  Program.  As  originally  conceived, 
the  jjTOgram  was  to  include  up  to  30  esteemed  scientists  holding  joint  positions  and  be  administered  by  one 
of  Tennessee's  Centers  of  Excellence.  Thus,  when  the  Science  Alliance  formally  opened  in  July  1984,  Dr. 
Gerald  Mahan,  a  solid  state  physicist,  was  already  hired,  arriving  that  August.  This  spring,  that  hire  paid 
huge  dividends  when  Mahan  became  UTK's  first  member  of  the  National  Academy  of  Sciences.  Mahan's 
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induction  to  the  National  Academy  is  his  reward  for  sustained  excellence  and  prominence  in  science,  and 
much  of  that  work  was  done  with  the  support  of  the  Science  Alliance  Distinguished  Scientist  Program. 

During  the  years  that  followed,  the  Science  Alliance  continued  to  seek  out  scientists  of  similar  caliber, 
adding  such  highly  respected  faculty/scientists  as  environmental  microbiologist  Dr.  David  White  (hired  in 
1986),  a  recent  winner  of  the  coveted  Clarke  Prize,  which,  along  with  it's  decorative  gold  medal,  carries  a 
$50,000  stipend;  computer  scientist  Dr.  Jack  Dongarra  ( 1 989),  author  of  the  award-winning  PVM  software, 
which  helps  scientists  aggregate  their  computing  resources;  Dr.  David  Joy  (1987),  known  internationally  for 
his  work  in  electron  and  X-ray  microscopy  and  electron  holography;  analytical  chemist  Dr.  Georges 
Guiochon  (1987),  a  recent  Humboldt  Senior  Scientist  who  wrote  the  book  on  chemical  separation  techniques 
with  his  pioneering  work  in  gas  and  liquid  chromatography;  Dr.  Bemhard  Wunderlich,  (1988)  chemical 
thermodynamics  of  solid  state  polymers,  winner  of  the  1993  Prize  for  Applied  Chennical  Thermodynamics 
from  the  Swiss  Society  for  Thermal  Analysis  and  Calorimetry,  an  award  rarely  given  to  scientists  outside  of 
Europe;  Dr.  Ward  Plummer,  (1992)  subatomic  surface  structure  of  materials,  whose  ability  to  organize 
national  and  international  collaborations  has  brought  new  funding  and  science  to  East  Tennessee;  Dr.  Peter 
Cummings  (1994),  a  chemical  engineer  whose  computer  simulations  predict  how  molecules  in  fluids  interact 
and  change  as  other  substances  are  added  or  removed,  saving  the  expense  and  time  of  repeated  preliminary 
expenmentation.  Today,  12  distinguished  researchers  hold  joint  UT/ORNL  posts.  UTK  provides  50  percent 
of  the  program's  budget  through  the  Science  Alliance;  the  other  50  percent  is  provided  by  ORNL  from  U.S. 
Department  of  Energy  funds.  The  appointments  include  a  sizeable  fund  for  graduate  student  and  postdoctoral 
support,  based  at  both  UTK  and  ORNL. 

COLLABORATING  SCIENTISTS 

The  Collaborating  Scientists  Program  makes  it  possible  for  UTK  and  ORNL  to  share  scientists  at  all  levels, 
who  are  already  employed  by  one  of  the  two  institutions.  Like  distinguished  scientists,  collaborating 
scientists  have  access  to  the  resources  of  both  institutions,  saving  UTK  and  ORNL  the  time  and  money  of 
duplicate  efforts.  Unlike  the  distinguished  scientists,  collaborating  scientists  are  based  in  a  home  institution 
either  at  ORNL  or  UTK,  and  spend  an  agreed  upon  percentage  of  their  time  at  the  other  institution.  To  date, 
eight  scientists  have  joined  the  program,  including  three  physicists,  a  computer  scientist,  a  mechanical  and 
aerospace  engineer,  an  environmental  economist,  a  library  and  information  scientist,  and  a  mathematician. 

JOINT  INSTITUTES 

Science  Alliance-supported  research  institutes  bring  together  researchers  from  UTK,  ORNL,  Vanderbilt 
University,  and  other  private  and  public  organizations  around  the  worid.  In  all,  the  center  supports  four  of 
these,  the  Joint  Institute  for  Heavy  Ion  Research  (JIHIR)  being  the  oldest.  Established  in  1984,  JIHIR  led 
UTK  and  ORNL  to  international  prominence  in  nuclear  structure  physics.  Housed  in  two  buildings  adjacent 
to  ORNL's  Hohfield  Radioactive  Ion  Beam  Facility  (HRIBF)  [formerly  known  as  Holifield  Heavy  Ion 
Research  Facility],  JIHIR  conducts  conferences  and  workshops  and  sponsors  research  of  visiting  scientists. 
As  the  field  of  nuclear  physics  has  changed,  so  has  the  Holifield  facility  and  JIHIR.  Currently,  the  Holif.eld 
is  being  converted  into  the  country's  first  radioactive  ion  beam  accelerator,  a  change  that  will  expand  JIHIR 
research  into  asu-ophysics  and  formation  of  elements. 

In  it's  role  as  catalyst,  the  Science  Alliance  recently  provided  matching  seed  funds  to  the  new  Institute  for 
Rare  Isotope  Measurements,  enabling  its  director  to  secure  substantial  external  funding  from  both  the 
National  Science  Foundation  and  the  U.S.  Department  of  Energy.  Similarly,  the  Joint  Institute  for 
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Computational  Science  (JICS),  which  was  initiated  with  funds  from  the  Science  AHiance,  now  receives 
more  than  half  of  its  total  funding  from  other  sources. 

Referring  to  itself  as  the  "fnendly  interface  between  researchers  and  parallel  computing,"  JICS  has  become 
Tennessee's  principal  resource  for  training  faculty,  staff  and  graduate  students  in  parallel  computing. 
Established  in  1991,  JICS  brings  together  skilled  parallel  computing  specialists  with  interdisciplinary 
research  scientists.  Research  includes  collaborations  with  ORNL  and  UTK  physicists,  chemists  and 
biomathematicians.  Parallel  computing  cuts  the  time  to  execute  a  program  from  days  or  weeks,  to  a  matter  of 
minutes  or  hours.  The  powerful  UTK  and  ORNL  combined  portfolio  includes  a  MasPar  MP-2,  Thinking 
Machines  CMS.  Kendall  Square  KSRl,  and  an  Intel  iPSCy860. 

OTHER  PROGRAMS 

The  Science  Alliance  also  promotes  East  Tennessee's  scientific  excellence  in  a  number  of  smaller  ways.  For 
example,  graduate  student  supplements  account  for  over  $500,000  of  the  annual  Science  Alliance  budget, 
providing  assistance  to  approximately  100  students  who  do  research  at  both  UTK  and  ORNL.  These  stipends 
are  crucial  because  they  allow  UTK  science  departments  to  compete  with  the  nation's  top  universities  for 
outstanding  graduate  students.  In  addition,  each  year  approximately  80  undergraduates  come  to  East 
Tennessee  to  study  in  UTK  or  ORNL  laboratories  through  the  Summer  Research  Fellows  Program.  For  most, 
this  is  their  first  exposure  to  a  high-level  research  environment,  and  the  experience  is  a  strong  inducement  to 
pursue  graduate  study  in  the  sciences. 

Science  Alliance  Faculty  Research  Awards  have  helped  to  recruit  and  retain  top  quality  faculty  in  East 
Tennessee.  Initiated  in  1985,  these  awards  provide  annual  recognition  and  financial  incentive  to  top  UTK 
science  faculty.  Financial  support  for  the  program  comes  from  UTK  central  administration.  Steadily 
improving  applications  over  the  years  indicate  the  positive  effect  these  awards  have  had  on  faculty 
recruitment  and  performance. 

THE  SCIENCE  ALLIANCE  TODAY 

In  July  1994,  the  Science  Alliance  marked  ten  years  as  the  primary  channel  for  promoting  research  and 
educational  collaboration  between  UTK  and  ORNL.  One  UTK  chemistry  faculty  member  with  a  long  record 
of  ORNL  collaborations  likened  the  role  of  Science  Alliance  to  that  of  "a  lubricant."  He  credits  the  center 
with  easing  the  assembly  of  "uniquely  capable"  UT/ORNL  research  teams,  such  as  the  one  he  is  pan  of, 
which  combines  the  capabilities  of  UTK's  synthesis  and  mass  spectrometry  groups  with  ORNL's  Health  and 
Safety  Research  Division,  Nuclear  Magnetic  Resonance  group,  and  physics  groups.  Because  of  the  global 
nature  of  scientific  research  and  the  increased  productivity  that  occurs  when  interests  are  combined.  Science 
Alliance  Director,  Dr.  Thomas  A.  Callcott  has  expanded  this  focus  to  include  resource  sharing  wherever 
possible.  With  these  goals  in  mind,  the  UT/ORNL  Science  Alliance  will  continue  its  stewardship  of  valuable 
research  resources. 
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Appendix  D 
Recent  Facilities  with  Joint  Univereity  -  State  -  DOE  Funding 


Array  of  Compton-suppressed  Ge  detectors:    $1.2  million: 
Total  cost,  including  $125,00  from  Vanderbilt  and 
$320,000  from  the  University  of  Tennessee 
(through  the  Science  Alliance  program); 

Spin  Spectrometer  electronics  upgrade:    $40,000 

contribution  from  the  Science  Alliance  at  UT;   Total  cost  $100,000 

Liquid  helium  refrigerator:    $15,000  from  Vanderbilt, 

$75,000  from  the  UT  Science  Alliance;    $40,000  UNISOR;  Total  cost  $200,000 

Electronics  for  neutron  detectors:    $40,00  from  Vanderbilt 
In  addition,  the  detectors  were  built  at  Vanderbilt. 

Compton  polarimeter:    $30,000  from  Vanderbilt;    Total  cost  $50,000 

Recoil  Mass  Spectrometer:    $500,00  from  the  State  of  Tennessee, 
$155,000  from  the  UT  Science  Alliance,  and  $155,00  from  Vanderbilt; 
$250,000  UNISOR  universities;  $300,00  Martin  Marietta  -  ORNL  non 
DOE  funds.  Total  cost  Spectrometer  plus  building  $3,800,000 

Radioactive  beam  facility  development:    $100,000  each  from  UT 
and  Vanderbilt. 

12  clover  Ge  detector  arrays:    $50,000  Vanderbilt,  $50,000  UT, 
$50,000  UNISOR  Universities,  State  of  Tennessee  $150,000; 
Total  costs:    $1,800,000 

Focal  plane  detections  for  RMS:    $55,000  UNISOR 
$20,000  Vanderbilt,  $170,000  English  universities; 
Total  cost  $250,000 
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Chairman  STEVEN  SCHIFF.  Thank  you  very  much,  Dr.  Hamilton. 
I  want  to  take  care  of  two  technicalities:  First,  I  introduced  my  own 
written  statement  into  the  record,  but  I  want  to  ask  the  unanimous 
consent  that  if  any  members  of  the  Congressional  panel  has  an 
opening  statement,  that  it  also  be  allowed  into  the  record.  Without 
objection,  so  ordered. 

And  I'd  also,  if  I  didn't  do  it  before,  ask  unanimous  consent  that 
the  written  statements  of  each  of  the  witnesses  be  admitted  into 
the  record.  Again,  without  objection,  so  ordered. 

Well,  since  Congressman  Zach  Wamp  is  the  organizer  of  this 
project,  this  Summit,  and  the  reason  why  we're  having  the  field 
hearing  in  Oak  Ridge,  I'd  like  to  ask  Congressman  Wamp  to  begin 
the  questions,  please. 

QUESTION  AND  ANSWER  SESSION 

Congressman  Zach  Wamp.  Thank  you,  Mr.  Chairman.  My  first 
question  is  directed  to  Dr.  Krebs  and  Dr.  Lane.  But  as  Dr. 
McTague  referenced,  I  think  it  would  be  good  for  this  new  Con- 
gress, the  new  Congress  would  do  well  to  remember  President 
Reagan,  remember  kind  of  the  godfather  of  the  modern  conserv- 
ative movement.  Because,  as  you  touched  on,  Dr.  McTague,  Presi- 
dent Reagan  proposed  doubling  the  budget  of  the  National  Science 
Foundation  over  a  period  of— I  think  five  years.  Dr.  Lane,  is  that 
correct? 

Dr.  Neil  Lane.  Correct. 

Congressman  Zach  Wamp.  And  that  was  actually  accomplished. 
So  as  we  look  at  downsizing  Federal  Government,  reprioritizing  our 
Federal  investment  and  our  limited  resources,  I  think  we  need  to 
remember  those  years,  remember  that  president,  remember  his 
leadership. 

If  we  actually  had  some  areas  of  energy  research  increased  in 
funding — now  that  sounds  like  something  that  wouldn't  take  place 
in  this  climate — but  if  we  were  to  reprioritize  our  energy  research 
funding,  there's  tremendous  competition.  I  mean,  now  hydrogen, 
because  of  Chairman  Walker's  interest  in  hydrogen,  is  very  much 
on  the  table.  Fusion,  fossil,  neutron,  wind — just  on  and  on  and  on 
different  energy  research  efforts  that  are  competing  for  limited 
funding. 

And  I  know  you  shouldn't  really  answer  this  question  probably, 
but  I'm  going  to  ask  it  anyway  and  ask  you  to  please  try  to  answer 
this  question:  Where  would  you  spend  the  money  if  you  could  in- 
crease funding  in  some  energy  research  areas  during  this  time  of 
budget  concerns?  Dr.  Lane  and  Dr.  Krebs. 

Dr.  Neal  Lane.  Start  with  you.  [Parties  laugh.] 

Dr.  Martha  Krebs.  Well,  I  think,  in  fact,  the  Secretary's  and  the 
President's  budget  in  energy  research  has  some  selected  increases. 
And  certainly,  within  the  basic  research  programs,  the  increases 
which  I  know  best  and  can  defend  most  strongly — so  let  me  speak 
to  those — are  the  increases  for  the  science  facilities  initiative, 
which  would  impact  in  the  twenty-six,  twenty-seven  user  facilities 
that  are  spread  throughout  the  laboratories,  throughout  the  labora- 
tory system,  would  affect  hydrogen  physics  and  nuclear  physics  fa- 
cilities, it  would  affect  facilities  like  the  HFIR  reactor,  but  also  the 
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reactor,  the  neutron  reactor  at  the  Brookhaven  National  Labora- 
tory, would  affect  operations  at  the  synchrotron  facilities. 

And  essentially,  right  now  those  facilities,  through  user  facilities, 
service  some  fifteen  thousand  users — predominantly  from  univer- 
sities. I  was  thinking,  as  Dr.  Hamilton  reflected  on  his  career,  he's 
just  one  of  fifteen  thousand  users  who  probably  have  as  interesting 
stories — certainly,  I'm  sure  two-thirds  of  them  do — as  interesting 
stories  as  Dr.  Hamilton. 

And  what  we  do  know  is  that  these  facilities  are  over-subscribed 
by  a  factor  of  two  or  three.  And  the  facilities  initiative,  we  esti- 
mate, would  allow  us  to  provide  access  and  new  capability  to  at 
least  three  or  four  thousand  more  users.  So,  let  me  simply  say  that 
I  know  that,  within  my  programs,  that's  a  worthy  candidate  for  in- 
crease. 

Dr.  Neal  Lane.  Congressman  Wamp,  I  think  probably  my  most 
accurate  answer  to  the  question  is  in  the  context  of  how  NSF  ap- 
proaches its  work  research  activities,  research  and  education  activi- 
ties. We  don't  specifically  have  program  targeted  for  areas  of  appli- 
cation. We  do,  I  think,  have  strategic  areas  of  focus  of  research  ac- 
tivities; one  of  these  is  the  area  of  manufacturing  technology,  an- 
other is  applied  materials,  another  is  high-performance  computing 
communication. 

Where  we  really  try  to  place  our  emphasis  is  on  areas  of  science 
and  engineering  research  that  not  only  are  intellectually  challeng- 
ing and  really  do  push  the  science  frontier — that  is  our  mission — 
but  that  also,  when  done  in  a  critical  frame  of  time — a  window,  if 
you  like — bring  knowledge  together  in  a  way  that  impact  the  gen- 
eration of  knowledge  and  technologies  applicable  to  larger  societal 
issues,  such  as  energy  and  environment. 

So,  we  invest  substantially,  have  done  so  in  recent  years,  in  mod- 
ern materials,  in  optical  science  and  engineering — that's  an  emerg- 
ing area — sustainable  technologies,  manufacturing.  To  make  manu- 
facturing process  more  benign,  not  just  to  protect  the  environment, 
as  important  as  that  is,  but  also  to  increase  efficiency.  That's  an 
important  aspect  of  energy  consideration. 

So,  our  approach  is  to  support  the  best  and  the  most  fundamen- 
tal important  science  and  engineering  at  a  given  time,  but  also  to 
pay  special  attention  to  those  opportunities  in  time  where  we  can 
bring  together  chemistry,  physics,  biology,  areas  of  engineering,  to 
develop  the  knowledge  necessary  to  push  these  larger  issues  that 
are,  indeed,  areas  of  national  need. 

Chairman  Steven  Schiff.  I  wonder  if  the  Congressman  will 
yield  for  a  moment? 

Congressman  Zach  Wamp.  Yes,  sir. 

Chairman  Steven  Schiff.  Congressman  Wamp  asked  a  question 
about  if  you  had  increases,  where  would  you  place  it.  Although  I'm 
sure  you  could  find  places  where  it  would  be  warranted,  I'm  sure 
you're  aware  that  the  chances  of  that  happening  in  the  current 
budget  situation  are,  I  think  they  say  between  slim  and  none.  And 
I  say  that  with  utmost  regret. 

But  I  just  wanted  to  emphasize  a  particular  reason  why  the  bal- 
anced budget  must  be  a  goal.  And  as  I  hope  I  indicated  before,  I 
think  the  responsibility  for  not  having  balanced  in  the  past  can  be 
shared  among  presidents.  Congress,  both  Republican  and  Demo- 
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crat.  But  I  point  no  finger.  By,  you  know,  this  fiscal  year  I  think 
the  interest  on  the  national  debt  will  be  right  around  two  hundred 
and  thirty-five  billion  dollars.  That  is  the  third  highest  line  item 
in  Federal  spending — of  all  Federal  spending — next  to  Defense  and 
Social  Security. 

Now,  we  pay  interest  on  our  debt  in  Government  the  same  way 
anyone  else  pays  it;  it  comes  right  off  the  top.  Same  way  if  you 
have  a  credit  card  debt  or  an  installment  loan. 

The  point  I'm  getting  at  is,  the  taxpayers  of  this  country  are  pay- 
ing enough  money  today,  without  a  tax  increase,  to  fund  an  in- 
crease in  NSF,  Department  of  Energy,  and  about  any  other  project 
you  can  think  of.  But  the  problem  is,  we  must  take  two  hundred 
and  thirty-five  billion  dollars  of  taxpayer-paid  money  and,  from  a 
productivity  standpoint,  throw  it  out  the  window.  Because  interest 
doesn't  buy  more  guns,  it  doesn't  buy  more  milk  and  butter. 

And  I'm  just  saying,  that's  a  very,  very  practical  reason,  not  a 
philosophical  one,  why  we  have  to  get  this  matter  under  control. 
Because  the  money  is  there,  we  just  have  developed  a  situation 
where  we're  misusing  it.  I  yield  back  to  the  former. 

Congressman  Zach  Wamp.  I  yield  back  to  you,  Mr.  Chairman,  for 
the  next  round  of  questions. 

Chairman  Steven  Schiff.  I'm  going  to  recognize,  then,  Con- 
gressman Hilleary.  Again,  we're  in  your  state,  you're  now  recog- 
nized. 

Congressman  Van  Hilleary.  Thank  you,  Mr.  Chairman.  I'd  start 
out  by  I  guess  asking  a  poor  working  stifi"  there,  Dr.  Hamilton,  and 
Dr.  McTague,  to  comment  on  how  the  Federal  Government,  one, 
could  do  more  than  we're  doing  to  integrate  industry  and  univer- 
sities to  further  our  common  goal,  which  is  to  maximize,  I  think, 
our  science  technology  and  our  economic  growth  for  the  future.  And 
what,  if  anything,  should  we  be  doing  less  of,  or  should  we  cease 
and  desist  what  we  are  doing  that  hampers  that  further  integra- 
tion? 

Dr.  Joseph  Hamilton.  Well,  one  thing  I  mentioned  in  my  re- 
marks is  the  following:  I  think  the  Federal  Government  needs  to 
take  more  opportunities  to  strengthen  the  kinds  of  partnerships 
that  have  developed,  say,  in  the  State  of  Tennessee  between  the 
state  government  and  its  universities.  And  which  the  universities 
are  really  putting  in  hard  money  into  the  Oak  Ridge  National  Lab- 
oratory. 

Universities  in  the  State  have  put  in,  over  the  last  six  years, 
more  than  two-and-a-half  million  dollars  of  capital  equipment 
money.  This  is  in  addition  to  monies  that  we've  put  in  on  visitor's 
programs,  a  whole  variety  of  things.  If  I  totaled  it  up  over  the  last 
ten  years,  it'd  be  more  than  six  million  dollars  of  hard  State  of  Ten- 
nessee, Vanderbilt,  University  of  Tennessee,  Knoxville,  money  has 
gone  into  those  programs. 

Yet,  at  the  same  time,  I  don't  think  there  has  been  as  much  that 
the  Department  of  Energy  has  done,  that  they  could  have  maxi- 
mized even  more  those  partnerships  than  what  has  been  available. 
I  think  they  need  to  encourage  those  so  that  they  will  encourage 
other  states  to  take  that  same  kind  of  initiative,  in  Illinois,  in  New 
Mexico,  in  California,  et  cetera,  for  their  universities  and  states  to 
think  about  putting  in  cooperative-project  money. 
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And  the  only  way  to  do  that  is  to  selectively  kind  of  influence  the 
direction  that  you're  going  with  the  money  you  have,  if  you  want 
to  encourage  other  people  to  do  so. 

Congressman  Van  Hilleary.  And  non-monetary  things  that 

Dr.  Joseph  Hamilton.  Well,  it  is  terribly  important — that  this 
whole  question  about  the  Department  of  Energy — I  cannot  under- 
score how  vital  the  Department  of  Energy's  Laboratories  are  to  uni- 
versity scientists  around  the  country.  If  you  abolish  that,  or  even 
if  you  try  breaking  it  up,  and  say,  okay,  we're  going  to  abolish  this, 
we'll  farm  this  laboratory  out,  or  something  like  that,  I  think  that 
would  just  have  absolutely  disastrous  consequences. 

I  would  agree  that  there  are  ways  in  which  we  can  scale,  admin- 
istratively and  other  things,  to  streamline  the  programs,  and  I 
would  encourage  that  to  be  done.  But  I  don't  think  that  calls  for 
an  abolishment  of  the  Department  of  Energy,  and  it  certainly 
doesn't  call  for  abolishment  of  the  Laboratory  facilities  which  have 
become  so  essential  in  a  time  of  big  science  to  so  many  university 
people  and  so  many  graduate  students  and  even  undergraduate 
students. 

I  would  second  your  Chairman's  remarks  on  that  score,  that 
that's  a  vital  position  we  have  to  take. 

Congressman  Van  Hilleary.  Thank  you. 

Dr.  John  McTague.  From  my  many  years  of  experience  with  the 
Department  of  Energy,  all  facets,  it  seems  to  me  that  the  present 
climate  offers  a  golden  opportunity  to  make  the  National  Labora- 
tory system  substantially  more  efficiently  effective.  And  that  is  by 
reducing  the  level  of  central  control  in  micromanagement.  [Audi- 
ence applauds.] 

Dr.  John  McTague.  This  level  of  micromanagement  and  over- 
regulation  from  the  center  has  resulted  over  the  years,  I  think, 
from  addressing  specific  problems.  One  specific  problem  coming 
from  one  particular  place,  possibly  one  action  of  one  person  gen- 
erates a  regulation  to  make  sure  that  that  never  happens  again. 
Nobody  ever  looks  at  what's  the  overall  effect.  And  the  increasing 
of  these  regulations  over  the  years  has  very  severely  hampered  the 
capability  of  local  managements  to  make  clever,  cost-effective  deci- 
sions. 

Dr.  Trivelpiece  should  be  judged  not  by  how  he  has  conformed  to 
seventy-seven  different  audit  commands,  but  he  should  be  judged 
by  what's  the  output  of  the  Laboratory.  He  should  be  given  the  ca- 
pability to  determine  what  the  output  of  the  Laboratory  will  be. 

And  if  there's  anything  that  I — if  I  were  czar  for  the  day — if 
there's  anything  I  could  do  with  the  Department  of  Energy,  I  think 
it  would  be  basically  to  prevent  the  Department  from  having  the 
capability  to  do  these  things.  And  one  way  to  do  that  is  to  arbitrar- 
ily eliminate  half  of  the  bureaucracy.  Just  eliminate  'em.  [Audience 
applauds.] 

Chairman  Steven  Schiff.  I  think.  Congressman  Hilleary,  a  cou- 
ple of  other  panel  members  want  to  respond.  [Parties  laugh.]  Some- 
how, I  think  Dr.  Krebs  is  entitled  to  be  first,  though. 

Dr.  Martha  Krebs.  I  couldn't  agree  more.  [Audience  applauds.] 

But  let  me  expand  upon  that,  please.  Clearly,  this  issue  was 
something  that  drove  the  findings  of  the  Galvin  Report.  It's  what 
the  Galvin  Committee  heard  when  they  came  out  to  the  Labs, 
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when  they  went  to  the  customers  of  the  Laboratories,  when  they 
went  to  the  users  of  the  Laboratories,  and  when  they  talked  to  peo- 
ple in  DOE  as  well.  At  least  some  of  the  people  in  DOE.  And  the 
Department  has  taken  the  recommendations  of  the  Galvin  Commit- 
tee very  seriously.  I  think  it's  a  great  challenge  to  the  Department 
to  deliver  on  the  changes  that  it  has  begun  to  make.  It  has  begun 
to  look  at  its  order  system  and  pare  it  down,  it  has  begun  to  look 
at  the  way  it  does  audits  and  reviews  in  the  field,  in  business  is- 
sues, environmental  health  and  safety,  and  even  program  reviews. 

And  so,  it  has  begun  to  look  at  how  it's  going  to  administer  and 
enable  the  Laboratories  at  the  working  level  to  determine  what 
kinds  of  standards  for  environmental  health  and  safety,  if  in  fact, 
they  are  going  to  use  in  order  to  do  their  work.  And  so,  I  believe 
that  we  can  put  in  place  some  approaches — to  setting  standards,  to 
doing  oversight  and  review — that  could  reduce  the  effort  and  the 
cost  that  has  been  put  into  the  system. 

I  have  to  say,  however,  having  observed  the  interaction  between 
the  agency  and  the  Congress  over  the  last  fifteen  to  twenty  years, 
some  of  the  actions  that  the  Department  took,  some  of  the  rules 
that  were  put  in  place — perhaps  as  in  an  overreaction — but,  none- 
theless, what  they  did  was  often  in  response  to  a  point  of  view  and 
a  kind  of  oversight  that  was  taken  in  Congress.  So  this  is  some- 
thing that  we  have  to  do  together,  it  is  not  something  that  simply 
the  agency  can  do,  it  is  not  something  I  believe  that  simply  remov- 
ing bureaucrats  can  do. 

However,  having  said  that,  the  Secretary,  in  her  alignment — 
strategic  alignment  activity — is  taking  people  out  of  the  system. 
And  I  believe,  I  know,  that  within  Energy  Research,  if  we  take  peo- 
ple out  of  our  system,  we  have  to  take  work  out  of  that.  If  we  take 
work  out  for  ourselves,  then  it  also  means  we  have  to  think  about 
how  we  take  work  out  for  the  Laboratories. 

But  this  is  something  that  we  have  to  do  together,  it  is  not  some- 
thing that  just  the  Department  can  do.  Because  what  the  Depart- 
ment did  in  putting  the  burdens  on  the  Laboratories  was  some- 
thing that  was  a  response.  And  the  Department,  to  be  perfectly 
honest,  like  the  Laboratories,  are  pretty  responsive  to  their  spon- 
sors. 

Chairman  Steven  Schieff.  Thank  you.  Dr.  Krebs,  for  respond- 
ing. Dr.  Hamilton,  did  you  want  to  add  an3rthing? 

Dr.  Joseph  Hamilton.  I  like  giving  concrete  examples  of  things, 
and  I  give  you  two  from  the  Joint  Institute  for  Heavy  Ion  Research. 
Our  second  building  is  owned  by  the  University  of  Tennessee.  It 
was  built  three  years  after  the  first  building.  The  first  building, 
Vanderbilt  and  U.T.  gave  money  to  the  Oak  Ridge  National  Lab- 
oratory to  build  the  first  building.  The  second  one,  we  rented  the 
land  from  the  Department  of  Energy  and  built  the  building  through 
the  State  of  Tennessee,  and  it's  owned  by  the  State  of  Tennessee. 

Three  years  later — this  is  now  in  1981  to  '84,  when  inflation 
wasn't  terribly  low — we  built  a  fifty-percent  larger  building  for  a 
hundred  thousand  dollars  less  because  of  the  constraints — building 
constraints — that  were  put  on  for  Oak  Ridge  National  Laboratory 
to  build  the  building. 

Another  example,  recently  we  had  to  put  a  roof  on  the  Joint  In- 
stitute, and  the  University  of  Tennessee  went  out  on  bids  like  they 
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would've  normally  have  gone  through,  because  it  was  their  build- 
ing, came  back  with  a  bid  of  twenty-five  thousand. 

But  then  we  discovered,  nope,  we  had  in  our  agreement  signed 
that  we  would  obey  all  the  rules  and  regulations  the  Oak  Ridge 
National  Laboratory  would  obey.  When  the  company  was  told  that, 
we  were  told  the  roof  would  cost  sixty-five  thousand  dollars.  [Audi- 
ence applauds.] 

Chairman  Steven  Schiff.  Congressman  Hilleary,  anything  fur- 
ther? 

Congressman  Van  Hilleary.  Mr.  Chairman,  I  have  so  many 
other  questions,  a  couple  especially,  that,  as  you  know,  when  we're 
in  Washington,  poor  Zach  and  I  are  so  far  down  in  seniority  that 
we  often  don't  even  get  to  ask  any  questions.  (Parties  laugh.) 

I  don't  want  to  abuse  this  unique  opportunity,  although  be  it  a 
temporary  position.  I'll  save  you  from  myself,  so  I'll  yield  back  to 
you. 

Chairman  Steven  Schiff.  I  do  remember.  It  wasn't  all  that  long 
ago.  Congresswoman  Lloyd. 

Former  Congresswoman  Marilyn  Lloyd.  Thank  you  very  much, 
Mr.  Chairman.  I  do  want  to  congratulate  all  the  witnesses  on  their 
excellent  testimony,  and  thanks  to  you,  Mr.  Chairman. 

Dr.  Lane,  in  your  testimony  you  spoke  very  favorably  toward 
greater  interaction  and  enhancement  of  the  work  between  the  pri- 
vate sector,  the  Labs,  the  universities.  I  was  wondering  just  how 
much  research  does  the  National  Science  Foundation  fund  at  the 
National  Laboratories,  and  are  there  restrictions  for  funding  these 
facilities? 

Dr.  Neal  Lane.  Congresswoman  Lloyd,  there  are  not  mandated 
restrictions  by  Congress,  there  are  policies  of  the  NSF.  And  the  pol- 
icy is  that  NSF  does  not  usually  make  grants  directly  to  investiga- 
tors in  the  National  Laboratories,  but  we  do,  in  fact,  support  many 
activities  that  take  place  in  the  Laboratories  or  elsewhere  that  in- 
volve Laboratory  staff 

That's  true  when,  to  some  extraordinary  circumstance,  where  the 
science  that  can  be  done  in  the  Laboratory  is  especially  closely  re- 
lated to  science  we're  supporting  in  universities.  It's  also  the  case 
when  we  have  joint  activities,  such  as  the  supercomputing,  ad- 
vanced parallel  computing  activities  involved  at  Los  Alamos — a 
similar  project  here — are  projects  where  many  institutions  are  in- 
volved, some  universities  we  support  and  some  National  Labora- 
tories. 

So,  there  are  a  number  of  examples  where  NSF  funds  are  used 
on  research  that  involve  personnel  of  the  Laboratories.  But  in  the 
past,  our  policy  has  always  been  not  to,  in  a  sense,  put  NSF  money 
in  place  of  the  money  of  a  mission  agency  or  when  we  have  an  obli- 
gation, in  fact,  to  ensure  that  research  and  education  are  done  in 
an  integrated  environment.  And  that  causes  us  to  invest  most  of 
our  money  in  the  universities. 

Probably  the  amount  of  direct  grants  is  quite  small,  on  the  order 
of  a  couple  of  million  dollars,  but  when  you  include  these  other  an- 
cillary activities,  it's  much  larger  than  that.  I  don't  know  the  exact 
amount. 

Former  Congresswoman  Marilyn  Lloyd.  I'd  like  to  ask  you  Dr. 
Lane,  and  the  other  witnesses  as  well,  to  briefly  comment  on  this: 
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do  you  believe  there's  a  difference  in  the  quahty  of  the  research 
performed  by  the  National  Laboratories  that's  funded  by  DOE  and 
the  research  that's  funded  by  NSF?  In  the  quality  of  work. 

Dr.  Neal  Lane.  Could  I  start  with  that  one  and  then  ask  my  col- 
leagues to  join?  I  don't  have  any  data,  comparative  data,  of  any 
kind,  I'm  not  aware  of  studies  that  have  made  to  compare  the  fol- 
lowing, so  all  I  really  know  is  anecdotes. 

My  personal  experience  involves  years  of  interaction  primarily 
with  Los  Alamos  and  Livermore,  collaborations  with  scientists 
there,  but  of  course  there  were,  and  still  are,  a  number  of  col- 
leagues at  this  Laboratory.  There  is  no  difference,  in  my  view,  in 
the  quality  of  scientists  and  the  work  that  is  done  and  is  published 
by  these  individuals  in  comparison  with  those  at  universities. 

Dr.  Martha  Krebs.  Again,  I  can't  compare  scientists  supported 
by  DOE  with  scientists  supported  by  the  National  Science  Founda- 
tion. However,  what  I  do  know  is  that  we  have  looked  at — within 
the  Office  of  Energy  Research — we  have  looked  at,  by  peer  review, 
the  character  of  research  supported  at  National  Laboratories  and 
the  character  of  and  quality  of  research  supported  by  DOE  at  the 
universities. 

And  since  we  use  a  peer  review  process,  both  in  terms  of  selec- 
tion and  in  terms  of  the  subsequent  performance,  we  don't  detect 
a  substantial  difference  between  our  university  performers  and  our 
National  Laboratory  performers.  So  that  says  that  at  least  uni- 
formly within  the  Department  of  Energy,  we  are  investing  in  a 
comparable  quality  of  work  at  both  universities  and  National  Lab- 
oratories. 

Former  Congresswoman  Marilyn  Lloyd.  Dr.  McTague,  do  you 
agree? 

Dr.  John  McTague.  I  think  if  there  is  a  difference,  the  difference 
is  more  not  so  much  in  terms  of  quality 

Former  Congresswoman  Marilyn  Lloyd.  I  was  referring  to  qual- 
ity 

Dr.  John  McTague.  It's  more  a  level  of  focus  and  the  encourage- 
ment of  team  work  that  occurs  at  the  Laboratories,  because  so 
much  of  the  research  is  focused  around  unique  facilities.  Having 
scientists  that  are  dedicated  to  doing  research  locally  to  keep  these 
facilities  up  to  par  and  make  sure  that  they're  the  best  in  the 
world,  and  to  encourage  outside  users,  is  a  service  that  also  occurs 
while  the  research  is  being  produced. 

So,  the  criteria  for  judgment  of  quality  should  take  into  account 
what  the  goal  of  the  research  is.  So  there  is  a  different  way  of  judg- 
ing quality,  it  seems  to  me,  for  research  at  the  National  Labora- 
tories than  there  is  in  universities.  But  that  being  said,  I  think 
when  you  take  into  account  the  full  measures  of  quality,  I  agree 
with  Dr.  Krebs  and  Dr.  Lane. 

Former  Congresswoman  MARILYN  Lloyd.  Dr.  Trivelpiece. 

Dr.  Alvin  Trivelpiece.  I  would  certainly  agree  with  what  my 
predecessors  have  said  here.  I  would  add  only  perhaps  a  different 
approach  to  this.  Dr.  Galmon,  a  famous  professor,  Nobel  Prize  win- 
ner from  Cal  Tech,  has  been  concerned  in  the  past  few  years  and 
has  dedicated  some  effort  toward  trying  to  persuade  academic  insti- 
tutions that  one  of  their  weaknesses  is,  in  fact,  that  they  have  nar- 
rowly-defmed  disciplinary  structures  to  their  academic  format. 
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And  that  one  of  the  strengths  of  National  Laboratories  is  the  fact 
that  interdisciplinary  work  is  extremely  easy.  It's  more  difficult  in 
academic  settings,  easier  in  a  National  Laboratory  setting.  So  the 
kinds  of  things  that  we  can  routinely  put  together,  from  my  own 
experience  as  a  Physics  professor,  turned  out  to  be  fairly  difficult 
in  an  academic  setting. 

Former  Congresswoman  Marilyn  Lloyd.  Dr.  Hamilton. 

Dr.  Joseph  Hamilton.  From  the  standpoint  of  quality,  I  would 
have  to  say  that  I  don't  know  of  any  working  scientists  who  believe 
there's  a  difference  in  quality.  I  guess  I  would  say  that,  since  I've 
spent  forty  percent  of  my  career  funded  by  NSF  and  the  other  sixty 
percent  of  my  career  funded  by  DOE 

Former  Congresswoman  Marilyn  Lloyd.  You're  pretty  well  bal- 
anced. [Parties  laugh.] 

Dr.  Joseph  Hamilton.  That's  some  degree  of  balance  on  that 
score,  and  I  have  an  indebtedness,  therefore,  to  both  of  them.  I 
would  agree  with  what  Dr.  Trivelpiece  has  said,  universities  are  a 
little  more  difficult  to  develop  into  disciplinary  programs. 

On  the  other  hand,  the  university  scientists  have  a  greater  free- 
dom in  some  ways  to  pick  and  choose  the  directions  that  they  want 
to  go,  and  they  can  pick  and  choose  the  National  Laboratories,  if 
they  want  to  go  into  them.  And  if  they  want  solely  to  change  direc- 
tion, it's  a  little  easier  for  them  to  do  that.  But  I  don't  see  that  that 
affects  the  quality. 

I  do  want  to  underscore,  however,  that  one  of  the  tremendous 
strengths  of  the  U.S.  Science  Program  has  been  with  dual  funding 
of  science  through  the  NSF  and  the  Department  of  Energy.  It's  a 
unique  thing  in  the  world.  And  one  of  the  reasons  that  we  have  one 
of  the  preeminent  science  programs  in  the  world  is  the  fact  that  we 
have  that  dual  track  of  funding.  And  if  you  want  to  kill  science  in 
this  country,  one  way  to  do  it  is  to  kill  that  dual  tract. 

Former  Congresswoman  Marilyn  Lloyd.  Thank  you  very  much. 
Dr.  Krebs,  I'd  like  to  talk  about  spallation  neutron  source.  As  you 
know,  I  lived  through  trying  to  keep  the  SNS  supported  for  many, 
many  years  and  I'm  very  concerned  about  this  program.  And  cer- 
tainly the  Oak  Ridge  community  wants  to  see  the  design,  the  con- 
struction, and  operation  of  this  neutron  source. 

But  given  the  outcome  of  SNS,  what  would  you  recommend  to 
this  community,  to  Congressman  Long  and  to  the  Senators  who 
really  work  to  hold  onto  this  program?  Do  you  see  that  it's  likely 
that  you'll  be  able  to  seek  funding  as  a  line  item  for  the  SNS?  And 
as  you  know,  priorities  are  sometimes  rearranged. 

Chairman  Steven  Schiff.  I  have  to  intervene  at  this  point  and 
ask  you  for  a  brief  answer.  Dr.  Krebs,  if  you  would,  please. 

Dr.  Martha  Krebs.  A  brief  answer.  The  brief  answer  is,  we  put 
it  in  the  1996  budget,  not  upon  line  item  but  we  put  it  at  the  begin- 
ning of  the  1996  budget.  We  were  prepared  to  re-program  in  the 
1995  funding.  My  sense  of  not  living  through  the  whole  thing,  but 
living  through  the  first  three  years,  was  that  we  didn't  have  con- 
sensus from  the  Congress  to  support  a  two-and-a-half-  to  three-mil- 
lion-dollar facility. 

I  think  I  have  to  ask  the  question  back,  is  there  going  to  be  a 
consensus  in  the  Congress  for  a,  you  know,  around  one-billion-dol- 


105 

lar  facility  for  science?  The  Administration  is  waiting  to  find  out. 
We  started  it. 

Former  Congresswoman  Marilyn  Lloyd.  Thank  you.  I  yield 
back,  Mr.  Chairman. 

Chairman  Steven  Schiff.  Thank  you,  Congresswoman  Lloyd. 
For  the  closing  question,  let  me  turn  back  to  Congressman  Wamp. 

Congressman  Zach  Wamp.  Thank  you,  Mr.  Chairman,  once  again 
for  being  here,  and  everyone  for  participating. 

The  superconducting  supercollider  is  perhaps  the  best  example  of 
a  long  ball,  as  I  think  the  Gipper  called  it  at  one  time.  Throwing 
the  ball  deep,  making  that  big  investment,  long-term  scientific  in- 
vestment in  this  country.  And  as  we  all  know,  budget  constraints 
caused  the  termination  of  that  multi-billion  dollar  science  project. 

We  elect  a  President  every  four  years.  It  seems  to  be  very  dif- 
ficult to  be  reelected  President  of  the  United  States.  We  elect  Sen- 
ators every  six  years.  House  Members  every  two  years.  Political 
winds  come  and  go,  budget  constraints  are  constantly  upon  us,  into 
the  future,  now. 

What  can  we  do  to  set  a  long-term  science  strategy,  stick  to  it? 
Is  it  a  commission?  I  mean,  we  appoint  Federal  judges  for  life;  if 
we  did  to  the  Federal  Courts  what  we  do  to  science  planning  and 
investment  in  this  country,  they  would  even  be  more  chaotic.  What 
can  we  do?  What  can  we  do  to  lend  some  continuity  to  this  process 
so  that  we're  not  constantly  making  an  investment  and  then  bail- 
ing out  on  it  and  wasting  dollars?  Dr.  Trivelpiece. 

Dr.  Alvin  Trivelpiece.  I  think  the  simple  strategy  is  to  try  to 
fund  some  of  these  major  science  projects  in  the  same  way  that  the 
military  funds  battleships;  that  is,  you  authorize  and  appropriate 
the  money  up  front.  You  make  the  decision  to  do  so. 

The  Department  of  Energy  has  a  lot  of  projects;  suppose  it  put 
all  of  its  money  on  one  project  one  year,  then  debated  on  what  it 
was  going  to  do  next  year,  put  whatever  money  it  had  that  year 
for  the  next  project.  Then  those  projects  would  have  some  stability 
and  continuity. 

It's  a  pretty  radical  approach  to  dealing  with  funding  of  science 
projects,  but  at  least  it's  one  mechanism  by  which  you  might  put 
a  little  bit  of  stability  into  the  system  so  it  couldn't  be  uprooted 
quite  so  easily. 

Chairman  Steven  Schiff.  Anyone  else  want  to  give  a  brief  re- 
sponse to  the  same  question? 

Dr.  Martha  Krebs.  That's  a  good  response. 

Dr.  Neal  Lane.  We  agree.  I  would  only  add  to  that  that  now, 
probably  more  than  ever,  it's  going  to  be  absolutely  essential  that 
a  science  policy  ought  to  be  able  to  garner  strong  bipartisan  sup- 
port, be  the  one  that  wins  the  day.  We  go  forward  on  that  one, 
rather  than  one  that  squeaks  by  in  one  year  or  other  by  a  number 
of  tradeoffs.  That,  perhaps,  has  been  the  case  on  other  projects  in 
the  past. 

It  seems  to  me  the  old  way  doesn't  work  anymore,  so  we  just 
have  to  work  together  very  hard  to  build  a  strong  bipartisan  con- 
sensus for  our  policy. 

Chairman  Steven  Schiff.  Well,  we've  reached  the  point  where 
we're  at  a  time  constraint  because  of  the  next  program  that's  al- 
ready planned  for  this  time.  May  I  presume  that  the  five  witnesses 
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here  would  be  receptive  to  answer  in  writing  any  questions  that 
might  be  submitted  in  writing  for  the  record  here? 

I'm  going  to  ask  unanimous  consent  that  the  record  remain  open 
for  fifteen  days  for  the  purpose  of  asking  and  answering  in  writing 
any  questions,  if  there  are  any  further.  I  appreciate  that  on  the 
part  of  the  panel.  So  ordered. 

With  that,  it's  time  to  say  that  this  was  a  very  constructive  hear- 
ing  

Congressman  Zach  Wamp.  Would  the  Chairman  yield  for  an  an- 
nouncement? 

Chairman  Steven  Schiff.  I  can. 

Congressman  Zach  Wamp.  At  four-thirty,  the  Chairman  and  I 
will  be  demonstrating,  through  robotics,  a  process  link  between 
Sandia  and  Oak  Ridge,  where  we  will  actually  be  operating  a  robot 
in  Sandia  from  Oak  Ridge  at  the  Garden  Plaza  at  four-thirty.  And 
I  would  ask  that  Congresswoman  Lloyd  and  Congressman  Hilleary 
try  to  join  us  there,  and  anyone  else  that's  interested,  and  that'll 
put  you  right  in  the  thick  of  the  next  presentation.  Thank  you,  Mr. 
Chairman.  Yield  back. 

Chairman  Steven  Schiff.  I  just  want  to  say  I  hope  everyone 
who  attended  appreciated  the  testimony  of  the  witnesses  as  much 
as  we  did  here.  And  I  want  to  thank  the  panel  and  my  colleagues, 
and  declare  the  hearing  adjourned.  [Audience  applauds.! 

[Whereupon,  these  proceedings  were  concluded,  and  this  hearing 
was  adjourned.] 
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Questions  for  the  Record  for  Dr.  Neal  Lane,  NSF,  From 
Representative  Schiff,  Subcommittee  on  Basic  Research 

#1 

QUESTION:  With  the  end  of  the  Cold  War,  some  have  proposed  that  national  science 
and  technology  policy  be  oriented  towards:  international  economic  competition;  civilian 
technology  development;  a  shorter  term  return  on  results  and  a  more  strategic  focus; 
interdisciplinary  and  interagency  program  orientation;  and  a  team/center/consortia  focus 
in  the  conduct  of  research  and  development.  Please  comment  on  these  proposed  new 
policy  directions. 

ANSWER:  The  basic  research  supported  by  NSF  underpins  advances  in  both  the 
civilian  and  defense  sectors  of  the  economy,  leading  to  increased  long-term  economic 
competitiveness.  Within  this  framework,  basic  research  has  served,  and  will  continue  to 
serve,  national  interests. 

Strategically  focused  research  and  basic  research  are  not  mutually  exclusive.  NSF 
support  is  almost  entirely  for  basic  research.  Yet,  the  preponderance  of  the  research 
supported  by  the  Foundation  is  in  areas  of  clear  importance  to  the  nation.  Excellent 
research  within  a  strategic  focus  is  no  different  from  the  basic  research  that  produces 
many  of  our  scientific  breakthroughs. 

NSF  is  unique  among  Federal  agencies  in  having  responsibility  for  the  overall  health  of 
science  and  engineering  across  all  scientific  and  engineering  disciplines.  Thus  the 
balance  we  must  strive  for  is  between  research  in  areas  of  obvious  importance  to  the 
nation,  and  a  broad  base  of  research  activities  in  other  areas  of  science,  to  maintain  the 
vitality  of  science  for  unanticipated  breakthroughs,  where  payoff  timeframes  are  often 
unpredictable. 

NSF  supports  the  partnership  approach  to  the  conduct  of  research,  including  such 
activities  as  interagency  and  interdisciplinary  programs.  Partnerships  and  people  are 
the  key  to  knowledge  transfer.   In  order  to  deliver  the  greatest  return  on  its  investment  in 
creating  new  knowledge  and  developing  intellectual  capital,  NSF  is  continuing  to  take 
leadership  in  fostenng  and  catalyzing  partnerships  with  industry,  academe,  and  other 
communities. 
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#2 

QUESTION:  With  the  Administration  and  the  Congress  projecting  decreasing  Federal 

budget  support  for  research  and  development  over  the  next  five  to  seven  years,  how 

must  the  relationships  between  the  Federal  laboratories,  the  research  universities,  and 

industry  evolve  to  assure  adequate  science  and  technology  investment  for  the  nation's 

future? 

ANSWER:  Over  the  next  few  years,  the  increasing  constraints  on  federal  support  for 
research  and  development  (R&D)  will  increase  the  importance  of  coordination  and 
cooperation  between  all  the  parties  involved  in  the  nation's  R&D  infrastructure  --  federal 
agencies,  academe,  state  and  local  governments,  federal  labs  and  industry. 

One  key  for  maximizing  the  impact  of  Federal  funding  for  R&D  is  through  expanded 
partnerships  and  collaboration.   By  leveraging  Federal  funds  with  contributions  from 
other  sources,  some  of  the  effects  of  reduced  R&D  investments  can  be  mitigated. 
Partnerships  and  collaborations  enhance  the  quality  of  the  research  that  is  conducted, 
increasing  its  usefulness  to  all  involved,  foster  the  essential  knowledge  transfer  between 
the  different  sectors,  and  better  prepare  students  for  careers  in  industry  and 
government.  Such  cooperation  brings  many  disciplines  and  backgrounds  together  to 
solve  complex  problems,  and  can  increase  the  potential  for  early  application  of  the 
knowledge  generated.  In  a  changing  and  challenging  environment,  these  partnerships 
will  continue  to  develop  and  evolve. 

The  importance  of  industry  participation  in  federally  supported  research  programs 
cannot  be  overstated.  Industry  involvement  reduces  costs  to  the  taxpayer,  promotes 
technology  transfer  to  the  private  sector,  and  helps  make  federal  research  more  relevant 
to  industry  needs  and  U.S.  competitiveness. 

A  second  key  element  to  meeting  these  coming  challenges  is  the  increased  need  for 
prioritization  in  R&D  activities.  Federal  agencies  must  set  rigorous  priorities  based  on 
realistic  budgetary  expectations.  For  NSF,  this  requires  determining  which  activities 
should  be  started,  sustained,  or  phased  out  within  overall  R&D  environments,  and 
communicating  these  priorities  to  the  broader  community.  And  this  must  be  done  in  the 
context  of  the  NSF  Organic  Act,  ensuring  a  balanced,  healthy  science  and  engineering 
research  enterprise. 
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#3 

QUESTION:  Would  integration  of  all  Federal  science  and  technology  agencies  into  a 

single,  cabinet-level  department  contribute  to  more  efficient  support  for  research  and 

development? 

ANSWER:  Any  large-scale  consolidation  of  all  Federal  science  and  technology  agencies 
could  have  significant  ramifications  for  the  future  competitiveness  and  economic  health 
of  the  United  States.  We  at  NSF  urge  caution  when  structural  changes  to  the  federal 
R&D  system  are  considered. 

The  National  Science  Foundation  is  responsible  for  supporting  fundamental  science 
across  all  scientific  disciplines,  the  only  federal  agency  with  such  a  broad  responsibility. 
NSF  strongly  believes  mission  agencies  such  as  the  Department  of  Energy  (DoE)  and 
the  Department  of  Defense  (DoD)  must  also  continue  to  support  fundamental  research. 
These  agencies  are  integral  parts  of  a  complex  and  highly  pluralistic  system  of  support 
for  research  that  evolved  after  the  Second  World  War.  In  this  tightly  interconnected 
arrangement,  industry,  government  agencies  and  academia  each  perform 
complementary  roles.  Within  the  federal  government,  agencies  possess  unique 
research  and  management  capabilities  critical  to  their  assigned  mission.  This  system 
remains  the  finest  in  the  world. 

Several  key  factors  should  be  weighed  before  considering  changes  to  the  federal 
support  structure  for  R&D.  These  include:  the  degree  of  overlap  between  ongoing 
federal  R&D  programs;  the  balance  between  consolidation  and  the  benefits  flowing  from 
the  variety  of  objectives,  approaches  and  cultures  inherent  in  the  current  system;  and 
the  flexibility  provided  by  the  current  system.  Also,  questions  of  accountability  must  be 
answered.  Specifically,  would  consolidation  facilitate  greater  accountability?  Would 
certain  areas  of  research  get  less  scrutiny? 

Changes  in  the  federal  R&D  complex  may  be  necessary  as  Congress  and  the 
Administration  look  for  ways  to  reduce  the  deficit.  At  the  same  time,  it  is  critical  that  we 
at  least  preserve-and  even  enhance-the  strength  of  the  current  R&D  system.  In 
particular,  any  new  alignment  must  foster  coordination  and  cooperation  among 
complementary  federal  R&D  functions. 

NSF  is  working  closely  with  the  other  R&D  agencies  to  support  research  in  a  more 
efficient  and  effective  manner  under  the  leadership  of  the  National  Science  and 
Technology  Council.  NSF  is  also  participating  in  the  second  phase  of  Vice  President 
Gore's  Reinventing  Government  Initiative,  to  achieve  cost  savings  within  the  existing 
agency  structure.  Through  these  interagency  initiatives,  we  are  striving  to  preserve  the 
many  positive  features  and  assets  of  the  current  federal  R&D  system  while  improving 
our  effectiveness  and  reducing  costs  to  the  American  taxpayer. 
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#4 

QUESTION:  What  is  the  appropriate  role  of  the  National  Science  Foundation  and  the 
research  universities  in  research  and  development  in  the  energy  and  environmental 
sciences?  How  is  this  best  integrated  with  DoE-supported  research? 

ANSWER:  The  National  Science  Foundation  is  responsible  for  supporting  fundamental 
science  across  all  scientific  disciplines,  primarily  through  support  for  research  at  U.S. 
academic  institutions.   NSF  is  the  only  federal  agency  with  such  a  broad  responsibility. 
NSF  is  working  closely  with  the  other  R&D  agencies,  including  the  Department  of 
Energy  (DoE),  to  support  research  in  a  more  efficient  and  effective  manner  under  the 
leadership  of  the  National  Science  and  Technology  Council. 

For  example,  areas  of  cooperation  include  coordination  of  environmental  research 
through  the  NSTC  Committee  on  Environment  and  Natural  Resources.  In  addition, 
senior  management  of  NSF  and  DoE  recently  met  to  discuss  coilaboratory  activities  in 
basic  energy  sciences.  The  two  agencies  have  a  long  history  of  cooperation  and 
coordination  in  these  areas. 
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QUESTIONS  FROM  REPRESENTATIVE  SCHIFF  FOR  DR.  MARTHA  KREBS 

Ql:   With  the  end  of  the  Cold  War,  some  have  proposed  that  national  science 
and  technology  policy  be  oriented  towards:  international  economic 
competition;  civilian  technology  development;  a  shorter  term  return  on 
results  and  a  more  strategic  focus;  interdisciplinary  and  interagency 
program  orientation;  and  a  team/center/consortia  focus  in  the  conduct  of 
research  and  development.  Please  comment  on  these  proposed  new  policy 
directions. 


Al:   During  the  past  50  years,  the  nation  has  had  a  stable,  long-term  science 
policy  based  on  the  strategy  provided  in  the  landmark  1945  report  by 
Vannevar  Bush  to  President  Truman- -Science  the  Endless  Frontier.  That 
report  has  been  the  foundation  of  our  scientific  past,  but  it  is  not 
likely  to  govern  the  future.  Federal  R&D  spending  patterns  are  going  to 
change.  That  will  require  that  the  nation  address  the  range  of  issues 
raised  by  the  committee.   In  the  meantime,  the  science  and  technology 
mission  in  the  Department  of  Energy  is  to  support  the  other  core 
missions  of  the  Department:  protecting  our  national  security  and 
reducing  the  nuclear  danger;  weapons  site  cleanup  and  environmental 
management;  and  enhancing  the  Nation's  energy  security  by  fostering  an 
economically  and  environmentally  sustainable  future. 

National  policy  for  science  and  technology  should,  I  believe,  emphasize 
Federal  investment  in  long-term  research  and  development  that  addresses 
agreed  upon  national  missions  including  the  generation  of  new  knowledge 
and  the  preparation  of  the  next  generation  of  scientists  and  engineers. 
This  investment  will  rely  on  partnerships  between  disciplines,  agencies, 
industries,  and  nations.  Only  within  this  broader  scope  can  we  gain  the 
most  from  overall  and  world-wide  progress  in  addressing  common  problems. 
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We  will  also  strive  to  use  results  from  science  and  technology  to 
stimulate  U.S.  industrial  technology  development  so  as  to  increase  our 
international  economic  competitiveness. 
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QUESTIONS  FROM  REPRESENTATIVE  SCHIFF 

Q2:   With  the  Administration  and  the  Congress-  projecting  decreasing  Federal 
budget  support  for  research  and  development  over  the  next  five  to  seven 
years,  how  must  the  relationships  between  the  Federal  laboratories,  the 
research  universities,  and  industry  evolve  to  assure  adequate  science 
and  technology  investment  for  the  nation'  s  future? 

A2:   Federal  laboratories,  universities,  and  industry  each  have  an  essential 
role  in  the  overall  U.S.  scientific  and  technological  capability. 
University  research  is  often  innovative  and  creative,  leading  sometimes 
to  truly  breakthrough  technology.  Federal  laboratories  are  a  major 
source  of  mul ti -di scipl inary,  team-oriented,  long-term  research  and 
development  focussed  on  major  national  problems.  The  Department  of 
Energy  invests  in  large,  unique  research  facilities  at  the  DOE' 
laboratories,  and  these  user  facilities  are  an  important  contribution  of 
the  Department  to  the  physical  infrastructure'  of  the  American  science 
investment.  More  than  15,000  users  depend  on  the  operation  of  these 
facilities  to  advance  science.  The  users  are  predominantly  from  the 
Nation's  universities  and  are  most  often  funded  by  other  agencies. 
Industry  is  the  force  that  takes  new  and  improved  technologies  into  the 
marketplace  with  new  and  better  products  and  services.  The  roles  of  the 
universities,  the  national  laboratories,  the  user  facilities,  and 
industry  are  truly  synergistic  and  complementary  and  do  not  need  to 
change  in  any  fundamental  way. 

The  relationship  between  these  entities  may  change,  however,  with 
decreasing  budgets,  though  there  is  no  way  at  this  time  to  predict  how 
it  will  evolve  in  any  detail.   It  is  likely  that  partnerships  wilT 
become  a  more  common  feature  of  research  and  development,  as  each  entity 


114 


strives  to  use  contributions  of  the  others.  It  is  possible  that  Federal 
laboratories  will  take  on  a  larger  share  of  the  Nation's  long-term 
technology  research  and  development  as  industry  moves  even  further 
toward  short-term  research  and  development  for  product  and  process 
improvements.  User  facilities  will  probably  become  more  important  as 
scientists  and  engineers  from  universities  and  industry  increasingly 
move  to  take  advantage  of  the  unique  capabilities  of  these  centralized 
facilities;  capabilities  that  they  cannot  duplicate  in  their  home 
institutions.  Trends  at  universities  that  will  probably  increase  are  to 
tie  research  work  into  the  education  of  students  and  to  train  science 
and  engineering  graduate  students  more  broadly  so  that  they  can  work 
more  productively  in  businesses  and  industry. 
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QUESTIONS  FROM  REPRESENTATIVE  SCHIFF 

Q3:       Would  integration  of  all  Federal  science  and  technology 
agencies  into  a  single,  cabinet-level  department 
contribute  to  more  efficient  support  for  research  and 
development? 

A3:       The  proposal  to  create  a  Department  of  Science  to 

receive  parts  if  not  all  of  the  Department  of  Energy  — 
as  well  as  NASA,  the  National  Science  Foundation,  the 
Environmental  Protection  Agency,  and  parts  of  the 
Departments  of  Commerce  and  Interior  --   does  not  seem 
workable  or  advisable.   The  result  would  be  a 
monolithic  new  bureaucracy  with  a  budget  perhaps 
exceeding  $46  billion,  more  than  77,000  federal 
employees,  and  more  than  300,000  contractor  employees. 
Past  and  present  science  advisors  to  the  President  have 
expressed  their  opposition  to  creation  of  a  Department 
of  Science.   Joining  our  Presidents  is  the  scientific 
community  that  sees  the  establishment  of  a  Department 
of  Science  as  a  risky  action  that  could  threaten  the 
Nation's  leadership  position  in  science.   In  their 
view,  based  on  fifty  years  of  prior  consideration,  and 
in  ours,  such  a  department  would  involve  more 
bureaucracy,  not  less,  and  would  sacrifice  the 
diversity  of  funding  resources  and  research  avenues 
that  have  made  this  Nation's  scientific  establishment 
the  envy  of  the  world. 
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QUESTIONS  FROM  REPRESENTATIVE  SCHIFF 

Q4:   What  are  the  DOE  and  national  laboratories  doing  to  establish  clear 

mission  statements  for  the  labs  which  can  be  utilized  for  future  budget 
decisions  and  long-term  strategic  planning? 

A4:   Under  the  leadership  of  Robert  Galvin,  Chairman  of  the  Executive  Board 
of  Motorola,  Inc.,  the  Task  Force  on  Alternative  Futures  for  the  DOE 
Laboratories  produced  a  landmark  assessment  of  the  laboratories.  The 
DOE  is  now  aggressively  implementing  the  report's  recommendations.  One 
of  the  recommendations  of  the  Task  Force  is  that  the  DOE  and  the 
national  laboratories  should  promptly  establish  clear  mission  statements 
for  the  laboratories  which  will  be  utilized  as  tools  for  budget 
decisions  and  long-term  strategic  planning.  A  Laboratory  Operations 
Board  has  been  established  by  DOE  in  response  to  the  Task  Force 
recommendations.  One  of  the  objectives  of  the  Laboratory  Operations 
Board  is  to  ensure  that  the  recommendations  are  realized,  including 
developing  clear  and  concise  laboratory  mission  statements  which  would 
define  and  clarify  strengths  among  the  laboratories  as  a  framework  for 
future  budgetary  and  strategic  planning  decisions.  The  Laboratory 
Operations  Board  held  their  first  meeting  on  June  29,  1995.  The  members 
agreed  the  Board  should  be  involved  in  developing  focused  laboratory 
missions  and  a  mission  statement  for  the  DOE  laboratory  complex. 
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QUESTIONS  FROM  REPRESENTATIVE  SCHIFF 

Q5:   What  is  the  DOE  doing  to  establish  lead  labs  and  Centers  of  Excellence 
within  the  lab  system? 

A5:   Another  recommendation  of  the  Galvin  Task  Force  on  Alternative  Futures 
for  the  DOE  National  Laboratories  is  the  establishment  of  lead 
laboratories  and  Centers  of  Excellence  within  the  laboratory  system. 
This  recommendation  will  also  come  under  the  purview  of  the  Laboratory 
Operations  Board  which  will  propose  whether  the  DOE  should  designate 
lead  labs  and  Centers  of  Excellence  within  the  laboratory  system  to 
facilitate  more  responsible  management,  better  business  practices  and 
retention  of  specialized  scientific  leadership  while  encouraging  broad 
multidiscipl inary  scientific  capabilities.  As  previously  stated  the 
Laboratory  Operations  Board  held  their  first  meeting  on  June  29,  1995. 


91-615  0-95-5 
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QUESTIONS  FROM  REPRESENTATIVE  SCHIFF 

Q6:   What  further,  if  anything,  should  the  Federal  government  be  doing  in  the 
area  of  technology  transfer  from  the  national  labs? 

A6:   The  federal  government  should  support  the  federal  research  portion  of 
cost-shared  joint  research  activities  between  private  industry  and  the 
national  laboratories  which  meet  the  criteria  identified  for  such 
collaborations  in  the  Galvin  Task  Force  report.  The  criteria  are  that 
the  economic  impact  of  R&D  performed  grows  from  the  laboratories'  core 
missions  and  that  the  collaborations  supported  provide  benefit  to  the 
laboratories'  core  missions,  are  cost-shared,  and  are  industry  driven. 

The  Office  of  Energy  Research  program  in  place  that  performs  this 
mission  is  the  Energy  Research  Laboratory  Technology  Transfer  Program 
(ER-LTT),  which  supports  maturation  of  promising  basic  research  to  the 
point  where  its  commercial  potential  can  be  evaluated  and  developed  by 
industry.  The  ER-LTT  Program  is  a  vital  mechanism  for  applying  the 
results  of  basic  science  research  at  the  national  laboratories  to 
economic  competitiveness.  Project  approval  is  contingent  upon  the 
project's  benefit  back  to  the  public  mission  and  basic  science  programs 
of  the  Department  and  the  ability  to  strengthen  laboratory  core 
competencies. 

The  ER-LTT  program  offers  the  opportunity  to  individual  companies, 
particularly  small  businesses,  and  to  whole  industry  sectors,  to  team 
with  the  Department  for  generic,  pre-competi ti ve  research.  The 
industrial  partner  has  the  follow-on  responsibility  to  carry  out  - 
commercialization  and  competitive  development  of  resultant  technologies 
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Questions  From  Zach  Wamp 

SUBCOMMITTEE  ON  BASIC  RESEARCH 

OAK  RIDGE  FIELD  HEARING 

JUNE  1,  1995 


Questions  for  the  witnesses: 

■  Our  nation's  budget  crisis  means  that  federal  spending  will  have  to  be 
reduced.  That  being  the  case,  what  areas  of  research  would  you  place  more 
emphasis  on  and  what  areas  would  you  place  less  emphasis  on? 

■  Wliat  specific  recommendations  from  the  Galvin  Task  Force  do  you  think 
should  be  implemented  to  improve  the  ability  of  the  labs  to  conduct  research? 

■  As  you  k]iow,  the  House  and  Senate  budget  resolutions  only  provide 
examples  of  how  to  achieve  a  balanced  federal  budget  by  the  year  2002.  In 
your  view,  what  should  be  done  to  ensure  that  our  nation  continues  its 
commitment  to  a  viable  long-tenn  science  strategy? 

■  Much  has  been  made  recently  about  the  role  of  the  federal  government  in 
basic  research  and  the  need  for  it  to  get  out  of  applied  research.  Can  that  be 
accomplished?  Or,  are  the  two  so  inextricably  linked  that  attempting  to  do  so 
would  do  much  hann  to  our  nation's  long  tenn  science  strategy? 

■  The  emphasis  of  this  field  hearing  is  "A  long  term  science  strategy  for  the 
nation".  With  the  way  the  federal  bureaucracy  adds  sometimes  hundreds  of 
millions  of  dollars  to  the  cost  of  R&D  projects  (i.e.  the  Superconducting 
Super  Collider),  how  can  we  convince  the  American  public  that  flinding  long- 
tenn  science  initiatives  are  necessary  for  our  nation  to  remain  strong  and 
competitive"^ 
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TESTIMONY  to  COMMITTEE  on  SCIENCE 

U.S.  HOUSE  OF  REPRESENTATIVES 

UNIQUE  STATE   -  UNIVERSITY  - 
NATIONAL  LABORATORY  PARTNERSHIPS 

JUNE  I,  1995,  OAK  RIDGE,  TN 


Joseph  H.  Hamilton 

Landon  C.  Garland  Distinguished  Professor  of  Physics,  Vanderbilt  University 

Director  Joint  Institute  for  Heavy  Ion  Research,  Oak  Ridge 
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UNIQUE  STATE   -  UNIVERSITY  -  NATIONAL  LABORATORY  PARTNERSHIPS 

The  State  of  Tennessee,  Vanderbilt  University,  the  University  of  Tennessee  Knoxville, 
and  Oak  Ridge  National  Laboratory  in  1970  initiated  the  first  of  several  unique  partnerships  that 
have  had  major  impacts  on  research  and  graduate  education  in  the  State  of  Tennessee,  the 
Southeast  region,  across  the  U.S.  and  internationally.  These  partnerships  provide  models  of  how 
to  effectively  marshall  limited  financial  resources  and  share  scientific  talents  and  ingenuity  to 
create  world-class  research  facilities  for  use  by  university  faculty  and  graduate  students  and 
national  laboratory  scientists.  These  partnerships  have  involved  not  just  the  sharing  of  financial 
resources  but  equally  as  important  the  sharing  of  scientific  insights  and  efforts  by  university  and 
laboratory  scientists  to  build  major  new  research  facilities  at  a  national  laboratory.  It  is  important 
to  our  nation  that  these  be  full  partnerships  and  not  just  national  laboratories  opening  their  doors 
to  universities.  In  this  way  we  will  maximize  collectively  the  strengths  in  our  universities  and 
national  laboratories.  Such  cooperative  efforts  between  our  universities  and  the  Department  of 
Energy's  National  Laboratories  are  critical  to  the  continued  health  and  strength  of  our  nation's 
research  in  basic  nuclear  science  and  m  the  training  of  scientists  who  are  essential  for  a  broad 
spectrum  of  basic  and  applied  fields  from  nuclear  and  diagnostic  medicine,  environmental  safety 
and  restoration,  nuclear  energy  to  basic  research.  While  nuclear  research  is  emphasized,  our 
National  Laboratories  have  many  other  unique  facilities  which  also  significantly  extend  and 
complement  research  in  many  areas  of  physics,  chemistry,  biology,  engineering  and  computer 
science.  For  example,  one  has  at  ORNL  the  Materials  Characterization  and  High  Temperature 
laboratories  which  are  used  by  university  scientists.  Such  full  partnerships  between  national 
laboratories  and  universities  must  be  rewarded  through  additional  federal  support  in  order  to 
encourage  the  development  of  such  full  partnerships  in  other  national  laboratories. 

The  first  partnership  with  ORNL  was  the  UNISOR  Consortium  which  began  in  1971.  At 
that  time  there  were  no  user  groups  in  nuclear  physics  at  national  laboratories  which  had  their 
own  scientists  carrying  out  research.  However,  budgets  were  becoming  tight  and  big  expensive 
accelerators  were  needed  to  carry  out  forefront  nuclear  research.  Since  only  a  few  such 
accelerators  existed  and  fewer  would  be  built  in  the  future,  many  on-campus  university  nuclear 
programs  would  stop.  This  would  be  a  serious  blow  to  graduate  education  of  nuclear  scientists. 
Thus  Vanderbilt  initiated  a  proposal  for  the  State  of  Tennessee  to  join  with  Vanderbilt  University, 
the  University  of  Tennessee,  nine  other  primarily  Southeastern  universities  and  Oak  Ridge 
Associated  Universities  to  initiate  a  new  research  facility  at  Oak  Ridge  National  Laboratory 
mainly  for  use  by  university  scientists.  The  State  of  Tennessee,  universities,  and  ORAU 
provided  100%  of  the  cost  of  the  first  isotope  separator  on-line  to  an  accelerator  in  the  U.S. 
They  also  pledged  to  provide  40%  of  the  operating  funds  for  the  facility  for  five  years.  The 
acronym  UNISOR  stands  for  UNiversity  Isotope  Separator  at  Oak  Ridge.  Oak  Ridge  Associated 
Universities  continued  as  an  important  partner  in  UNISOR,  including  being  the  fiscal  agent  for 
the  operating  funds  for  the  facility.  The  universities  in  partnership  with  the  State  of  Tennessee 
and  the  ORNL  have  continued  to  add  new  equipment  in  the  $100,000  to  $300,000  range,  such 
as  a  laser  facility  and  low  temperature  nuclear  orientation  facility  to  open  up  new  research 
opportunities.  Another  major  initiative  of  UNISOR  was  to  bring  from  Europe  a  theoretical 
physicist  in  nuclear  structure  research  to  help  guide  and  interpret  the  results  of  the  UNISOR 
research  program.  This  was  the  initial  step  that  led  to  a  national  center  for  theoretical  nuclear 
structure  research  at  ORNL. 

In  1991  on  the  twentieth  anniversary  of  the  founding  of  UNISOR  and  the  tenth 
anniversary  of  the  Joint  Institute  for  Heavy  Ion  Research,  an  International  Symposium  on 
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Reflections  and  Directions  in  Low  Energy  Heavy  Ion  Physics  was  held  in  Oak  Ridge.  Appendix 
A  gives  an  overview  of  the  work  of  the  UNISOR  Consortium  which  now  includes  universities 
in  Texas,  Oregon  and  Maryland,  and  Oxford  University  (England)  as  well  as  nine  universities 
from  the  States  of  Tennessee,  Georgia,  Kentucky,  Louisiana,  Mississippi,  and  South  Carolina. 
Of  particular  importance,  the  UNISOR  Consortium  pioneered  the  opening  up  of  Oak  Ridge 
National  Laboratory  for   use  by  university  faculty  and  graduate  students. 

In  the  late  1970's  when  the  new  Holifield  Heavy  Ion  Research  Facility  (HHIRF)  with  a 
new  25  million  volt  heavy-ion  accelerator  (still  the  world's  largest)  was  being  built  at  ORNL, 
Vanderbilt  and  The  University  of  Tennessee  Knoxville  moved  their  partnerships  with  the  State 
of  Tennessee  and  ORNL  to  a  new  level  with  the  development  of  the  Joint  Institute  for  Heavy  Ion 
Research  which  is  described  in  more  detail  in  Appendix  B,  taken  from  the  1991  conference. 
Quoting  from  Appendix  B,  "The  Joint  Institute  for  Heavy  Ion  Research  (JIHIR)  is  a  unique 
institution  in  the  world  of  nuclear  physics.  Conceived  at  Vanderbilt  University  in  1975,  it  is  the 
result  of  a  joint  effort  of  Oak  Ridge  National  Laboratory  (ORNL),  the  University  of  Tennessee 
(UT),  and  Vanderbilt  University  (VU)  to  build  a  special  university-like  visitor  environment  at  a 
national  laboratory.  In  the  process,  the  success  of  the  JIHIR  has  occurred  because  of  a  new  type 
of  relationship  between  universities  and  a  national  laboratory,  and  a  special  collaboration  between 
the  federal  government  and  the  State  of  Tennessee." 

The  new  Holifield  facility  was  initiated  with  a  major  change  in  direction  for  Department 
of  Energy  National  Laboratories  in  nuclear  physics  -  a  facility  located  at  a  national  laboratory  but 
used  by  scientists  from  around  the  nation  and  the  world,  and  not  a  national  facility  used  by  in- 
house  scientists.  The  Joint  Institute  was  conceived  to  help  make  Holifield  a  nationally  used 
facility.  It  is  operated  by  the  University  of  Tennessee,  Vanderbilt  University  and  Oak  Ridge 
National  Laboratory.  Beginning  with  $100,000  pledges  each  from  Vanderbilt  and  the  University 
of  Tennessee,  ORNL  provided  the  remaining  funds  for  the  first  Joint  Institute  building.  Funds 
for  the  second  building  were  $44,000  from  UNISOR  and  $350,000  from  the  State  of  Tennessee, 
along  with  additional  funds  from  VU  and  UT.  The  institute  buildings  now  are  valued  at  over 
one  million  dollars.  These  buildings  provide  on-site  lodging,  office  space,  computer  terminal 
rooms,  and  secretarial  support  for  outside  visitors  along  with  a  conference  center. 

Shortly  after  the  first  Joint  Institute  building  was  completed,  and  the  second  building  was 
in  progress,  Vanderbilt  and  the  University  of  Tennessee  approached  then  Governor  Lamar 
Alexander  about  having  the  State  of  Tennessee  provide  annual  operating  funds  for  a  visitors' 
program  to  complete  our  Institute  in  the  fullest  sense  of  the  word.  We  stressed  that  with  such 
funds  our  Joint  Institute  would  become  a  center  of  excellence  in  higher  education  like  the  State 
of  Tennessee  had  not  had  before,  attracting  renowned  scholars  to  Tennessee  from  around  the 
world.  A  year  later  Governor  Alexander  introduced  his  Centers  of  Excellence  program  in  higher 
education.  The  largest  such  center  is  the  Science  Alliance  between  the  University  of  Tennessee 
Knoxville  and  ORNL  as  discussed  in  Appendix  C  and  described  briefly  below.  As  part  of  the 
Center  of  Excellence  grant  to  the  University  of  Tennessee,  the  Joint  Institute  receives  annually 
$165,000  to  go  with  $30,000  from  the  Physics  Division  of  ORNL,  $30,000  from  the  Department 
of  Energy  and  $12,000  from  Vanderbilt  University. 

In  general,  $150,000  to  $200,000  has  been  spent  without  overhead  in  our  Joint  Institute 
visitors  program.  The  Joint  Institute  was  a  major  factor  in  making  HHIRF  by  far  more  used  by 
outside  scientists  than  any  other  DOE  nuclear  laboratory.  During  its  last  10  years  of  full-time 
operation  before  shutdown  to  build  the  RIB  facility,  640  scientists  from  148  institutions  including 
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200  graduate  students  and  38  undergraduates  worked  at  HHRIF.  In  1990  there  were  59  graduate 
students  who  used  Hohfield  for  part  or  all  of  their  Ph.D.  work,  a  number  five  to  ten  times  larger 
than  at  the  other  DOE  national  laboratory  nuclear  facilities.  These  visitors  have  had  major 
impacts  on  the  quality  and  quantity  of  research  carried  out  by  University  and  ORNL  scientists 
at  HHIRF.  Of  particular  note,  the  Joint  Institute  made  it  possible  to  bring  in  world  experts  to 
help  develop  and  make  operational  new  pieces  of  equipment.  Of  special  note,  Holifield  is  now 
being  rebuilt  as  the  first  US  radioactive  ion  beam  (RIB)  facility.  Most  of  the  world  experts  in 
this  area  are  in  Europe.  Over  the  last  two  years  the  Joint  Institute  has  brought  distinguished 
scientists  from  several  European  countries  and  from  other  U.S.  laboratories  to  provide  critical 
help  to  develop  this  new  RIB  facility. 

Three  other  major  efforts  of  the  Joint  Institute  are:  a)  the  hosting  of  international 
workshops  and  conferences,  b)  obtaining  State  and  university  funds  to  match  DOE  funds  for  new 
facilities,  and  c)  helping  develop  the  first  nuclear  structure  theory  center  in  the  U.S.  For 
example,  to  date  over  35  conferences  have  been  hosted  at  the  Joint  Institute  Conference  Center 
with  over  2,000  scientists  at  these  meetings.  The  Joint  Institute  initiated  steps  which  led  to 
DOE's  joining  to  create  a  center  for  Nuclear  Structure  Theory  in  cooperation  with  ORNL,  the 
University  of  Tennessee  and  the  Joint  Institute. 

The  partnership  of  Vanderbilt,  the  University  of  Tennessee,  the  State  of  Tennessee, 
UNISOR  universities.  Oak  Ridge  Associated  Universities  and  ORNL  -  DOE  has  provided  the 
opportimity  for  them  to  cooperate  in  the  sharing  of  funds  to  build  specific  new  facilities  at 
Holifield.  For  example,  a  major  new  facility,  a  new  generation  recoil  mass  spectrometer  (RMS) 
was  conceived  at  Vanderbilt  which  raised  $1,500,000  toward  the  $2,2000,000  cost  from 
imiversity  and  external  sources.  It  was  designed  by  scientists  at  Vanderbilt,  Texas  A&M  and 
Idaho  National  Engineering  Laboratory.  This  $4,000,000  facility  will  be  the  centerpiece  for 
research  with  the  new  ORNL  RIB  facilities. 

The  new  RMS  and  RIB  combined  are  a  premier  research  facility,  unmatched  anywhere 
in  the  world.  In  the  last  six  years  university,  the  State  of  Tennessee,  and  ORAU  funds  for  capital 
equipment  at  ORNL  have  totaled  over  $2,000,000  overhead  free.  A  list  of  major  contributions 
is  attached  in  Appendix  D.  In  addition,  through  the  UNISOR  Consortium  several  hundreds  of 
thousands  of  dollars  have  been  provided  by  the  universities  in  purchasing  small  items  of 
equipment,  and  in  providing  free  shop  work  to  fabricate  components  such  as  ion  sources  for  use 
at  ORNL.  UNISOR  has  provided  over  $1,500,000  of  overhead  free  direct  support  for  the 
operation  of  the  facility.  ORAU  has  helped  on  several  occasions  by  providing  postdoctoral  and 
graduate  student  fellowships  for  scientists  to  work  at  UNISOR.  The  State  of  Tennessee  and 
Vanderbilt  have  provided  over  $2,000,000  over  the  last  1 1  years  to  operate  the  Joint  Institute. 
The  total  of  all  university  and  state  funds  exceeds  $6,000,000  (overhead-free)  for  the  operation 
and  development  of  the  Holifield  research  program.  In  addition,  even  larger  sums  of  money  in 
a  variety  of  science  and  engineering  areas  have  been  provided  for  targeted  cooperative  research 
between  the  University  of  Tennessee  and  ORNL  through  the  Science  Alliance,  see  Appendix  C. 
But  more  important  than  money  has  been  the  enormous  contribution  in  time  and  talents  of 
university  scientists  both  at  home  and  in  Oak  Ridge  to  the  development  of  the  ORNL  facilities 
and  to  the  research  there.  Such  true  partnerships  must  be  strengthened  by  rewarding  laboratories 
and  universities  engaged  with  such  partnerships  with  additional  support  if  one  is  to  encourage 
other  such  partnerships. 
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The  tremendous  success  of  the  Joint  Institute  played  a  crucial  role  recently  in  the  State 
of  Tennessee's  agreeing  to  provide  $6,000,000  for  a  similar  institute  to  support  a  proposed  new 
neutron  science  facility  if  constructed  at  ORNL.  Thus  from  modest  beginnings  of  the  State  of 
Tennessee  providing  $90,000  in  1971  to  match  university  contributions  for  the  UNISOR  project, 
the  partnerships  have  matured  and  spread  out  to  encompass  support  for  a  wide  range  of  major 
research  equipment  and  infrastructure  facilities  for  scientists  around  the  world. 

Another  outgrowth  of  the  Joint  Institute  is  the  development  of  a  Center  for 
Computationally  Intensive  Physics.  A  cooperative  proposal  that  includes  funds  from  Vanderbilt, 
the  University  of  Tennessee  and  ORNL  won  one  of  the  Grand  Challenge  Awards  in  High 
Performance  Computing  to  develop  at  ORNL  one  of  the  nation's  major  new  high  performance 
computer  centers.  This  center  is  allowing  university  and  laboratory  scientists  to  address 
problems  which  are  so  complex  and  computer  intensive  that  they  could  not  be  carried  out  with 
previous  computer  facilities.  This  cooperation  has  led  to  mtemational  conferences  and  new 
programs  at  Vanderbilt  and  UT  in  computational  physics.  Again,  the  success  of  one  partnership 
opened  opportunities  to  develop  other  new  partnerships  and  important  programs. 

In  1984,  as  part  of  Governor  Alexander's  Centers  of  Excellence  Program,  a  specific 
partnership,  the  Science  Alliance  between  the  University  of  Tennessee  Knoxville  and  ORNL,  was 
formed  to  promote  scientific  research  and  educational  collaboration  between  UTK  and  ORNL. 
See  Appendix  C.  Major  features  are  the  Distinguished  Scientists  and  Collaborating  Scientists 
Program  v/ith  joint  appointments  involving  shared  costs.  This  is  a  broad-based  program  that 
includes  many  areas  of  physics,  chemistry,  engineering,  biology  and  computer  science.  There 
are  also  funds  for  shared  undergraduate  and  graduate  programs  and  start-up  funds  for  new 
projects.  In  addition  to  the  major  specific  cooperative  research  efforts  tied  to  the  joint 
appointments,  the  Science  Alliance  also  supports  broad  partnership  ventures.  The  Joint  Institute 
for  Heavy  Ion  Research  and  many  of  the  special  research  facility  projects  are  supported  through 
the  Science  Alliance.  This  program  is  an  outstanding  example  of  a  specific  partnership  between 
a  university  and  a  national  laboratory  and  of  broad  parmerships  of  national  scope. 

Finally,  I  would  like  to  emphasize  the  importance  of  university-national  laboratory 
partnerships  to  graduate  education  and  research  through  a  specific  example.  Over  the  last  35 
years  my  research  group  at  Vanderbilt  has  trained  70  postdoctoral  fellows  and  over  50  Ph.D. 
students  in  experimental  nuclear  physics  almost  all  of  whom  used  the  facilities  at  Oak  Ridge 
National  Laboratory  for  part  or  all  of  their  training  and  Ph.D.  thesis  research.  These  scientists 
hold  a  wide  range  of  positions  in  industry,  hospitals,  government  agencies,  national  laboratories, 
colleges  and  universities.  Our  research,  published  in  over  590  papers,  has  significantly  advanced 
our  understanding  of  the  nucleus  of  the  atom.  Our  specific  example  documents  that  our  national 
laboratories  are  providing  essential  nuclear  facilities  for  research  of  university  faculty  and 
graduate  students  in  nuclear  physics. 

The  partnerships  between  our  universities,  the  State  of  Tennessee,  Oak  Ridge  Associated 
Universities,  and  the  Federal  Government  have  been  established  to  help  provide  world  class 
research  facilities  for  Tennessee  university  and  ORNL  scientists  as  well  as  scientists  nationally 
and  internationally.  Keeping  and  expanding  such  partnerships  are  essential  to  the  health  and 
strength  of  many  of  our  nation's  university  programs  which  are  training  the  future  scientists  and 
technical  personnel  our  nation  must  have  to  ensure  its  economic  strength. 
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Appendix   C 


or/omir^"^' 


A  Center  of  Excallence  at  the  University  of  Tennessee  ^IFl     /  ^MK  M^^ft  3l  1 1  d  fl  C  G 

Oak  Ridge  Summit  on  Science,  Environment,  and  Technology  -  June  1-2, 1995 

Sharing  Resources  Creates  Opportunity  -  Alliances 
that  get  you  more  for  your  research  dollar 

Attempts  to  establish  formal  links  between  The  University  of  Tennessee,  Knoxville  (UTK)  and  Oak  Ridge 
National  Laboratory  (ORNL)  date  back  at  least  30  years.  The  UT/ORNL  Science  Alliance  is  the  best-known 
and  most-enduring  and  successful  of  these.  It  was  established  in  July  1984  as  part  of  Governor  Lamar 
Alexander's  "Better  Schools  Program,"  which  ratified  similar  Centers  of  Excellence  at  universities 
throughout  Tennessee.  The  Science  Alliance  is  the  largest  of  these,  with  an  annual  budget  of  $3.5  million. 
This  figure  represents  over  20  percent  of  the  state's  annual  budget  for  such  centers. 

The  primary  mission  of  the  Science  Alliance  is  to  promote  scientific  research  and  educational  collaboration 
between  UTK  and  ORNL.  It  does  so  through  Distinguished  Scientist  and  Collaborating  Scientist  programs, 
joint  institutes,  graduate  and  post  graduate  funding,  faculty  awards,  and  start-up  support  for  new  projects. 
The  Science  Alliance  is  the  primary  vehicle  through  which  UTK  and  ORNL  share  personnel,  specialized 
instruments,  and  financial  resources  to  achieve  mutual  goals. 

HISTORICAL  PERSPECTIVE 

Several  issues  converged  in  the  late  1970s  and  early  1980s  to  bring  about  the  Science  Alliance.  Reports  from 
the  Energy  Research  Advisory  Board  and  the  Federal  Laboratory  Review  Panel  had  identified  weak  links 
between  universities  and  the  major  federal  research  institutions,  a  condition  both  groups  found  "alarming," 
especially  if  the  United  States  intended  to  continue  world-wide  scientific  leadership. 

"At  a  time  when  America  is  looking  for  ways  to  emphasize  science  and  technology,"  wrote,  then  Governor 
Lamar  Alexander  in  a  March  1983  letter  to  Secretary  of  Energy  Donald  Hodel,  "[a]  coalition  between  a  U.S. 
world  class  laboratory  and  our  state's  comprehensive  research  university  will  be  a  national  milestone." 

Equally  important  to  science  faculty  and  administration  at  UTK  was  the  need  to  improve  the  national 
ranking  of  their  graduate  education  and  research  programs.  In  the  decade  prior  to  1984,  laboratories  at  UTK 
had  suffered  from  decline  in  state  and  federal  appropriations  for  major  equipment.  The  Science  Alliance 
provided  the  means  to  improve  this  situation,  not  only  attracting  top  level  scientific  expertise  to  joint  UTK 
and  ORNL  positions  but  also  drawing  matching  external  funds  for  new  science  initiatives  and  improvements 
to  facilities. 

THE  DISTINGUISHED  SCIENTIST  PROGRAM 

Plans  for  a  formal  alliance  actually  began  with  the  Distinguished  Scientist  Program.  As  originally  conceived, 
the  program  was  to  include  up  to  30  esteemed  scientists  holding  joint  positions  and  be  administered  by  one 
of  Tennessee's  Centers  of  Excellence.  Thus,  when  the  Science  Alliance  formally  opened  in  July  1984,  Dr. 
Gerald  Mahan,  a  solid  state  physicist,  was  already  hired,  arriving  that  August.  This  spring,  that  hire  paid 
huge  dividends  when  Mahan  became  UTK's  first  member  of  the  National  Academy  of  Sciences.  Mahan 's 
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induction  to  the  National  Academy  is  his  reward  for  sustained  excellence  and  prominence  in  science,  and 
much  of  that  work  was  done  with  the  support  of  the  Science  Alliance  Distinguished  Scientist  Program. 

During  the  years  that  followed,  the  Science  Alhance  continued  to  seek  out  scientists  of  similar  caliber, 
adding  such  highly  respected  faculty/scientists  as  environmental  microbiologist  Dr.  David  White  (hired  in 
1986),  a  recent  wmner  of  the  coveted  Clarke  Prize,  which,  along  with  it's  decorative  gold  medal,  carries  a 
$50,000  stipend;  computer  scientist  Dr.  Jack  Dongarra  (1989),  author  of  the  award-winning  PVM  software, 
which  helps  scientists  aggregate  their  computing  resources;  Dr.  David  Joy  (1987),  known  internationally  for 
his  work  in  electron  and  X-ray  microscopy  and  electron  holography;  analytical  chemist  Dr.  Georges 
Guiochon  (1987),  a  recent  Humboldt  Senior  Scientist  who  wrote  the  book  on  chemical  separation  techniques 
with  his  pioneering  work  in  gas  and  liquid  chromatography;  Dr.  Bemhard  Wunderlich,  (1988)  chemical 
thermodynamics  of  solid  state  polymers,  winner  of  the  1993  Prize  for  Applied  Chemical  Thermodynamics 
from  the  Swiss  Society  for  Thermal  Analysis  and  Calorimetry,  an  award  rarely  given  to  scientists  outside  of 
Europe;  Dr.  Ward  Plummer,  (1992)  subatomic  surface  structure  of  materials,  whose  ability  to  organize 
national  and  international  collaborations  has  brought  new  funding  and  science  to  East  Tennessee;  Dr.  Peter 
Cummings  (1994),  a  chemical  engineer  whose  computer  simulations  predict  how  molecules  in  fluids  interact 
and  change  as  other  substances  are  added  or  removed,  saving  the  expense  and  time  of  repeated  preliminary 
experimentation.  Today,  12  distinguished  researchers  hold  joint  UT/ORNL  posts.  UTK  provides  50  percent 
of  the  program's  budget  through  die  Science  Alliance;  the  other  50  percent  is  provided  by  ORNL  from  U.S. 
Department  of  Energy  funds.  The  appointments  include  a  sizeable  fund  for  graduate  student  and  postdoctoral 
support,  based  at  both  UTK  and  OR>fL. 

COLLABORATING  SCIENTISTS 

The  Collaborating  Scientists  Program  makes  it  possible  for  UTK  and  ORNL  to  share  scientists  at  all  levels, 
who  are  already  employed  by  one  of  the  two  institutions.  Like  distinguished  scientists,  collaborating 
scientists  have  access  to  the  resources  of  both  institutions,  saving  UTK  and  ORNL  the  time  and  money  of 
duplicate  efforts.  Unlike  the  distinguished  scientists,  collaborating  scientists  are  based  in  a  home  institution 
either  at  ORNL  or  UTK,  and  spend  an  agreed  upon  percentage  of  their  time  at  the  other  institution.  To  date, 
eight  scientists  have  joined  the  program,  including  three  physicists,  a  computer  scientist,  a  mechanical  and 
aerospace  engineer,  an  environmental  economist,  a  library  and  information  scientist,  and  a  mathematician. 

JOINT  INSTITUTES 

Science  Alliance-supported  research  institutes  bring  together  researchers  from  UTK,  ORNL,  Vanderbilt 
University,  and  other  private  and  public  organizations  around  the  world.  In  all,  the  center  supports  four  of 
these,  the  Joint  Institute  for  Heavy  Ion  Research  (JIHIR)  being  the  oldest.  Established  in  1984,  JIHIR  led 
UTK  and  ORNL  to  international  prominence  in  nuclear  structure  physics.  Housed  in  two  buildings  adjacent 
to  ORNL's  Holifield  Radioactive  Ion  Beam  Facility  (HRIBF)  [formerly  known  as  Holifield  Heavy  Ion 
Research  Facility],  JIHIR  conducts  conferences  and  workshops  and  sponsors  research  of  visiting  scientists. 
As  the  field  of  nuclear  physics  has  changed,  so  has  the  Holifield  facility  and  JIHIR.  CurrenUy,  the  Holifield 
is  being  converted  into  the  country's  first  radioactive  ion  beam  accelerator,  a  change  that  will  expand  JMIR 
research  into  astrophysics  and  formation  of  elements. 

In  it's  role  as  catalyst,  the  Science  Alliance  recently  provided  matching  seed  funds  to  the  new  Institute  for 
Rare  Isotope  Measurements,  enabling  its  director  to  secure  substantial  external  funding  from  both  the 
National  Science  Foundation  and  the  U.S.  Department  of  Energy.  Similarly,  the  Joint  Institute  for 
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Computational  Science  (JICS),  which  was  initiated  with  funds  from  the  Science  Alhance,  now  receives 
more  than  half  of  its  total  funding  from  other  sources. 

Referring  to  itself  as  the  "friendly  interface  between  researchers  and  parallel  computing,"  JICS  has  become 
Tennessee's  principal  resource  for  training  faculty,  staff  and  graduate  students  in  parallel  computing. 
Established  in  1991,  JICS  brings  together  skilled  parallel  computing  specialists  with  interdisciplinary 
research  scientists.  Research  includes  collaborations  with  ORNL  and  UTK  physicists,  chemists  and 
biomathematicians.  Parallel  computing  cuts  the  time  to  execute  a  program  from  days  or  weeks,  to  a  matter  of 
minutes  or  hours.  The  powerful  UTK  and  ORNL  combined  portfolio  includes  a  MasPar  MP-2,  Thinking 
Machines  CM-5,  Kendall  Square  KSRl,  and  an  Intel  iPSC/860. 

OTHER  PROGRAMS 

The  Science  Alliance  also  promotes  East  Tennessee's  scientific  excellence  in  a  number  of  smaller  ways.  For 
example,  graduate  student  supplements  account  for  over  $500,000  of  the  annual  Science  Alliance  budget, 
providing  assistance  to  approximately  100  students  who  do  research  at  both  UTK  and  ORNL.  These  stipends 
are  crucial  because  they  allow  UTK  science  departments  to  compete  with  the  nation's  top  universities  for 
outstanding  graduate  students.  In  addition,  each  year  approximately  80  undergraduates  come  to  East 
Tennessee  to  study  in  UTK  or  ORNL  laboratories  through  the  Summer  Research  Fellows  Program.  For  most, 
this  is  their  first  exposure  to  a  high-level  research  environment,  and  the  experience  is  a  strong  inducement  to 
pursue  graduate  study  in  the  sciences. 

Science  Alliance  Faculty  Research  Awards  have  helped  to  recruit  and  retain  top  quality  faculty  in  East 
Tennessee.  Initiated  in  1985,  these  awards  provide  annual  recognition  and  financial  incentive  to  top  UTK 
science  faculty.  Financial  support  for  the  program  comes  from  UTK  central  administration.  Steadily 
improving  applications  over  the  years  indicate  the  positive  effect  these  awards  have  had  on  faculty 
recruitment  and  performance. 

THE  SCIENCE  ALLIANCE  TODAY 

In  July  1994,  the  Science  Alliance  marked  ten  years  as  the  primary  channel  for  promoting  research  and 
educational  collaboration  between  UTK  and  ORNL.  One  UTK  chemistry  faculty  member  with  a  long  record 
of  ORNL  collaborations  likened  the  role  of  Science  Alliance  to  that  of  "a  lubricant."  He  credits  the  center 
with  easing  the  assembly  of  "uniquely  capable"  UT/ORNL  research  teams,  such  as  the  one  he  is  pan  of, 
which  combines  the  capabilities  of  UTK's  synthesis  and  mass  spectrometry  groups  with  ORNL's  Health  and 
Safety  Research  Division,  Nuclear  Magnetic  Resonance  group,  and  physics  groups.  Because  of  the  global 
nature  of  scientific  research  and  the  increased  productivity  that  occurs  when  interests  are  combined.  Science 
Alliance  Director,  Dr.  Thomas  A.  Callcott  has  expanded  this  focus  to  include  resource  sharing  wherever 
possible.  With  these  goals  in  mind,  the  UT/ORNL  Science  Alliance  will  continue  its  stewardship  of  valuable 
research  resources. 
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Appendix  D 
Recent  Facilities  with  Joint  University  -  State  -  DOE  Funding 


Array  of  Compton-suppressed  Ge  detectors:    $1.2  million: 
Total  cost,  including  $125,00  from  Vanderbilt  and 
$320,000  from  the  University  of  Tennessee 
(through  the  Science  Alliance  program); 

Spin  Spectrometer  electronics  upgrade:    $40,000 

contribution  from  the  Science  Alliance  at  UT;   Total  cost  $100,000 

Liquid  helium  refrigerator:    $15,000  from  Vanderbilt, 

$75,000  from  the  UT  Science  Alliance;    $40,000  UMSOR;  Total  cost  $200,000 

Electronics  for  neutron  detectors:    $40,00  from  Vanderbilt 
In  addition,  the  detectors  were  built  at  Vanderbilt. 

Compton  polarimeter:    $30,000  from  Vanderbilt;   Total  cost  $50,000 

Recoil  Mass  Spectrometer:    $500,00  from  the  State  of  Tennessee, 
$155,000  from  the  UT  Science  Alliance,  and  $155,00  from  Vanderbilt; 
$250,000  UNISOR  universities;  $300,00  Martin  Marietta  -  ORNL  non 
DOE  funds.  Total  cost  Spectrometer  plus  building  $3,800,000 

Radioactive  beam  facility  development:    $100,000  each  from  UT 
and  Vanderbilt. 

12  clover  Ge  detector  arrays:    $50,000  Vanderbilt,  $50,000  UT, 
$50,000  UNISOR  Universities,  State  of  Tennessee  $150,000; 
Total  costs:    $1,800,000 

Focal  plane  detections  for  RMS:    $55,000  UMSOR 
$20,000  Vanderbilt,  $170,000  English  universities; 
Total  cost  $250,000 
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